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OBJECTS  AND  KULES  OF  THE  ASSOCIATION. 


OBJECTS. 


The  Society  shall  be  called  "The  American  Association  for  the  Advance- 
ment of  Science."  The  objects  of  the  Association  are,  by  periodical  and 
migratory  meetings,  to  promote  intercourse  between  those  who  are  cultiva- 
ting science  indifferent  parts  of  the  United  States  ;  to  give  a  stronger  and 
more  general  impulse,  and  a  more  systematic  direction  to  scientific  research 
in  our  country;  and  to  procure  for  the  labors  of  scientific  men,  increased 
facilities  and  a  wider  usefulness. 

RULES. 


Rule  1.  Those  persons,  whose  names  have  already  been  enrolled  in  the 
published  pi'oceedings  of  the  Association,  and  all  those  who  have  been  invi- 
ted to  attend  the  meetings,  shall  be  considered  members  on  subscribing  to 
these  rules. 

Rule  2.  Members  of  scientific  societies,  or  learned  bodies,  having  in  view 
any  of  the  objects  of  this  Society,  and  publishing  transactions,  shall  like- 
wise be  considered  members  on  subscribing  to  these  rules. 

Rule  3.  The  Collegiate  Professors  of  Natural  History,  Physics,  Chem- 
istry, Mathematics  and  Political  Economy,  and  of  the  theoretical  and  ap- 
plied sciences  generally ;  also  Civil  Engineers  and  Architects  who  have 
been  employed  in  the  construction  or  superintendence  of  public  works, 
may  become  members  on  subsci'ibing  to  these  rules. 

Rule  4.  Persons  not  embraced  in  the  above  provisions  may  become 
members  of  the  Association  upon  nomination  by  the  Standing  Committee, 
and  by  a  majority  of  the  members  present. 

OFFICERS. 

Rule  5.  The  officers  of  the  Association  shall  be  a  President,  a  Secre- 
tary and  a  Treasurer,  who  shall  be  elected  at  each  Annual  Meeting,  for 
the  meeting  of  the  ensuing  year. 

MEETINGS. 

Rule  6.  The  Association  shall  meet  annually,  for  one  week  or  longer, 
the  time  and  place  of  each  meeting  being  determined  by  a  vote  of  the 
Association  at  the  previous  meeting;  and  the  arrangements  for  it  shall  be 
entrusted  to  the  Officers  and  the  Local  Committee. 

(xix) 
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STANDING   COJPVIITTEE. 

Rule  7.  There  shall  be  a  Standing  Committee,  to  consist  of  the  Pres- 
ident, Secretary  and  Treasurer  of  the  Association,  the  Officers  of  the  pre- 
cedinjj  year,  the  Chairman  and  Secretaries  of  the  Sections,  after  these 
shall  have  been  organized,  and  six  other  members  present,  who  shall  have 
attended  any  of  the  previous  meetings,  to  be  elected  by  ballot. 

Rule  8.  The  Committee,  whose  duty  it  shall  be  to  manage  the  general 
business  of  the  Association,  shall  sit  during  the  meeting  and  at  any  time 
in  the  interval  between  it  and  the  next  meeting,  as  the  interests  of  the 
Association  may  require.  It  shall  also  be  the  duty  of  this  Committee  to 
nominate  the  General  Officers  of  the  Association  for  the  following  year, 
and  persons  for  admissiou  to  membership. 

SECTIONS. 

Rule  9.  The  Standing  Committee  shall  organize  the  Society  into  Sec- 
tions, permitting  the  number  and  scope  of  these  Sections  to  vary,  in  con- 
formity to  the  wishes  and  the  scientific  business  of  the  Association. 

Rule  10.  It  shall  be  the  duty  of  the  Standing  Committee,  if  at  any  time 
two  or  more  Sections,  induced  by  a  deficiency  of  scientific  communica- 
tions or  by  other  reasons,  request  to  be  united  into  one;  or  if  at  any  time 
a  single  Section,  overloaded  with  business,  asks  to  be  subdivided,  to  efl"ect 
the  change,  and,  generally,  to  readjust  the  subdivisions  of  the  Association, 
whenever,  upon  due  representation,  it  promises  to  expedite  the  proceed- 
ings and  advance  the  purposes  of  the  meeting. 

SECTIONAL   COMMITTEES   AND   OFFICERS. 

Rule  11.  Each  Section  shall  appoint  its  own  Chairman  and  Secretary  of 
the  Meeting,  and  it  shall  likewise  have  a  Standing  Committee  of  such  size 
as  the  Section  may  prefer.  The  Secretaries  of  the  Sections  may  appoint 
assistants,  whenever,  in  the  discharge  of  their  duties,  it  becomes  expedient. 

Rule  12.  It  shall  be  the  duty  of  the  Standing  Committee  of  each  Sec- 
tion, assisted  by  the  Chairman,  to  arrange  and  direct  the  proceedings  in 
their  Section,  to  ascertain  what  written  and  oral  communications  are 
offered,  and  for  the  better  forwarding  the  business,  to  assign  the  order  in 
which  these  communications  shall  appear,  and  the  amount  of  time  which 
each  shall  occupy ;  and  it  shall  be  the  duty  of  the  Chairman  to  enforce  these 
decisions  of  the  Committee. 

These  Sectional  Committees  shall  likewise  recommend  subjects  for  sys- 
tematic investigation  by  members  willing  to  undertake  the  researches  and 
present  their  results  at  the  next  annual  meeting. 

The  Committees  shall  likewise  recommend  reports  on  particular  topics 
and  departments  of  science,  to  be  drawn  up  as  occasion  permits,  by  com- 
petent persons,  and  presented  at  subsequent  annual  meetings. 
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KErORTS   OF   PROCEEDINGS. 

Rule  13.  Whenever  practicable,  the  proceedings  shall  be  reported  by 
professional  reporters  or  stenographers  whose  reports  are  to  be  revised 
by  the  Secretaries  before  they  appear  in  print. 

papers  and  communications. 

Rule  14.  The  author  of  any  paper  or  communication  shall  be  at  liberty 
to  retain  his  right  of  property  therein,  provided  he  declares  such  to  be 
his  wish  before  presenting  it  to  the  Society.  , 

GENERAL  AND   EVENING  MEETINGS. 

Rule  15.  At  least  three  evenings  in  the  week  shall  be  reserved  for 
General  Meetings  of  the  Association,  and  the  Standing  Committee  shall 
appoint  these  and  any  other  General  Meetings  which  the  objects  and  in- 
terests of  the  Association  may  call  for. 

These  General  Meetings  may,  when  convened  for  that  purpose,  give 
their  attention  to  any  topics  of  science  which  would  otherwise  come  before 
the  Sections,  and  thus  all  the  Sections  may,  for  a  longer  or  shorter  time, 
reunite  themselves  to  hear  and  consider  any  communications,  or  transact 
any  business. 

It  shall  be  a  part  of  the  business  of  these  General  Meetings  to  receive 
the  Address  of  the  President  of  the  last  Annual  Meeting,  to  hear  such  re- 
ports on  scientific  subjects  as,  from  their  general  importance  and  interest, 
the  Standing  Committee  shall  select;  also,  to  receive  from  the  Chairmen 
of  the  Sections  abstracts  of  the  proceedings  of  their  respective  Sections, 
and  to  listen  to  communications  and  lectures  explanatory  of  new  and  im- 
portant discoveries  and  researches  in  science,  and  new  inventions  and 
processes  in  the  arts. 

order  of   proceedings  in   ORGANIZING  A  MEETING. 

Rule  16.  The  Association  shall  be  organized  by  the  President  of  the 
preceding  Annual  Meeting :  the  question  of  the  most  eligible  distribution 
of  the  Society  into  Sections  shall  then  occupy  the  attention  of  the  Asso- 
ciation, when,  a  sufficient  expression  of  opinion  being  procured,  the  meet- 
ing may  adjourn,  and  the  Standing  Committee  shall  immediately  proceed 
to  divide  the  Association  into  Sections,  and  to  allot  to  the  Sections  their 
general  places  of  meeting.  The  Sections  may  then  organize  by  electing 
their  officers,  and  proceed  to  transact  scientific  and  other  business. 

LOCAL  committee. 

Rule  17.  The  Standing  Committee  shall  appoint  a  Local  Committee 
from  among  members  I'esiding  at  or  near  the  place  of  meeting  for  the  en- 
suing year;  and  it  shall  be  the  duty  of  the  Local  Committee,  assisted  by 
the  officers,  to  make  arrangements  for  the  meeting. 
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SUBSCRIPTIONS. 

Rule  18.  The  amount  of  the  Annual  Subscription  of  each  member  of 
the  Association  shall  be  one  dollai-,  which  shall  entitle  him  to  a  copy  of 
the  proceedings  of  each  meeting.  The  members  attending  an  Annual 
Meeting  shall  pay,  on  registering  their  names,  an  additional  assessment 

of dollars.    These  subscriptions  to  be  received  by  the  Treasurer  or 

Secretary. 

ACCOUNTS. 

Rule  19.  The  Accounts  of  the  Association  shall  be  audited  annually, 
by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF   THE   CONSTITUTION. 

Rule  20.  No  Article  of  this  Constitution  shall  be  altered  or  amended 
without  the  concurrence  of  three-fourths  of  the  members  present,  nor 
unless  notice  of  the  proposed  amendment  or  alteration  shall  have  been 
given  at  the  preceding  Annual  Meeting. 


PROCEEDINGS. 


First  Day,  August  14,  1849. 

Pursuant  to  a  vote  of  the  Association,  the  Second  Annual 
Meeting  was  held  in  Harvard  Hall,  at  Cambridge,  Massachusetts, 
at  10  o'clock,  August  14,  1849.  The  meeting  was  called  to  order 
by  William  C.  Redfield,  Esq.,  Chairman  of  the  preceding  year, 
and  the  Secretary,  Dr.  Jeffries  Wyman,  being  absent,  Prof.  E. 
N.  HoRSFORD  was  requested  to  act  as  Secretary',  pro  tern. 

The  list  of  Officers  elected  for  the  present  year  was  then  read 
as  follows : 

Prof.  Joseph  Henry,  President. 
Dr.  Jeffries  Wyman,  Secretary. 
Dr.  Alfred  L.  Elwyn,  Treasurer. 


standing  committee. 


Prof.  Joseph  Henry, 


\ 


William  C.  Redfield,  Esq. 


Prof.  Jeffries  Wyman,    \  Ex  officio.     Pi'of.  Walter  R.  Johnson. 
Dr.  Alfred  L.  Elwyn,    -' 


LOCAL    committee. 


John  A.  Lowell,  Esq. 
Dr.  Jacob  Bigelow, 
Hon.  Nathan  Appleton, 
Hon.  Nathan  Hale, 
George  B.  Emerson,  Esq. 
Prof.  H.  D.  Rogers, 
Dr.  A.  A.  Gould, 

of  Boston. 


Pi'of.  Louis  Agassiz, 
Prof.  Benjamin  Peirce, 
Lieut.  Charles  H.  Davis, 
Prof.  E.  N.  HoRSFORD, 
Prof.  Asa  Gray, 

of  Cambridge. 


CD 
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William  C.  Redfield,  Esq.,  at  this  stage  of  the  meeting,  called 
to  the  Chair  Frof.  Joseph  Henry,  and  as  Dr.  AVymau  was  not 
present,  Prof.  E.N.  Hoksford  was  unanimously  elected, by  ballot, 
to  act  as  Secretary  of  the  meeting.  The  Chairman  nominated  Dr. 
R.  W.  GiBUEs  and  Dr.  B.  A..  Gould,  Jr.,  Assistant  Secretaries. 

Agreeably  to  the  Seventh  Rule  of  the  constitution,  the  follow- 
ing gentlemen  were  elected  upon  the  Standing  Committee  : 

Prof.  A.  D.  Bache,  Prof.  Louis  Agassiz,  Prof.  Benjamin 
Peirce,  Prof.  Asa  Gray,  Prof.  James  Hall,  Prof.  Benjamin  Sil- 
liman,  Jr. 

The  organization  of  the  Association  having  been  effected.  Prof. 
Henry  offered  the  following  remarks : 

The  primary  object  of  this  Association  is  the  advancement  of 
Science,  or  the  promotion  of  the  discovery  of  new  truths.  We  are 
not  assembled  to  exhibit  our  knowledge  of  other  men's  thoughts, 
but  to  present  to  each  other  for  consideration  and  friendly  discussion 
new  truths,  the  results  of  original  investigation  ;  to  inform  each 
other  of  what  we  have  done  during  the  past  year,  and  to  ask  assist- 
ance, advice,  and  cooperation  ;  to  elicit  b}^  intercourse  and  the  col- 
lision of  mind,  new  suggestions,  to  be  proved  or  disproved  during 
the  next  year.  It  is  to  be  presumed,  therefore,  that  the  time  of 
the  Association  will  not  in  any  case  be  occupied  with  mere  popular 
expositions  of  well-known  subjects. 

Much  of  the  value  of  these  meetings  is  derived  from  the  personal 
conversation  of  the  members  ;  and  it  is  therefore  desirable  that  the 
daily  sessions  should  not  be  too  much  protracted.  On  this  ac- 
count, those  who  present  memoirs,  as  well  as  those  who  join  in 
the  discussions,  should  study  brevity'. 

The  first  paper  was  then  read  by  Dr.  Gould,  the  author  not  be- 
ing present,  as  follows : 

Aurora  Borealis.     By  Professor  Secchi. 

To  I'rofexsor  Henry,  Secretary  of  the  Smithsonian  Institute. 

Sir  :  —  I  saw  a  few  days  ago,  in  the  newspapers,  that  you  are 
engaged  in  collecting  observations  on  the  Aurora  Borealis,  to  fix, 
if  it  be  possible,  the  laws  of  this  interesting  phenomenon  so  little 
understood.  When  1  was  at  Stonyhurst,  in  England,  near  Pres- 
ton, about  70  miles  N.  E.  from  Liverpool,  last  October,  I  wit- 
nessed a  display  of  this  phenomenon,  of  extraordinary  beauty,  and 


FOR  THE    ADVANCEMENT   OF   SCIENCE.  3 

remarked  some  circumstances  connected  with  it,  such  as  are  not 
commonly  noticed.  I  think  you  will  not  be  displeased  if  I  trouble  you 
with  an  account  of  them.  My  attention  was  engaged  there,  not  only 
in  consequence  of  the  magnificence  of  the  meteor,  but  also  on  ac- 
count of  my  eagerness  to  witness  it,  never  before  having  been  for- 
tunate enough  to  see  any  of  remarkable  beauty. 

Intheeveningof  October  17,  1848,  at  6  o'clock,  I  was  called  out 
to  see  the  Aurora,  which  grew  already  complete,  as  far  as  it  appears 
commonly.  Towards  the  north  was  an  obscure  circular  segment, 
surrounded  by  a  luminous  ring  about  10°  or  12°  wide,  composed  of 
luminous  rays  or  beams  perpendicular  to  the  circumference  of  the 
circle.  The  top  of  the  dark  segment  was  about  40°  high  ;  at  the 
points  N.  E.  and  N.  W.  there  were  two  large  luminous  masses 
about  20°  wide  and  30°  high,  of  a  brilliant  red  purple  color,  striped 
with  white  and  yellow  beams  ;  the  most  splendid  of  them  was  at 
N.  E.  Until  now  the  effect  was  by  no  means  extraordinary  ;  when 
about  ^  past  7  o'clock,  another  luminous  mass  appeared  in  the  middle 
of  the  dark  segment,  and  illuminated  a  large  band  of  it  from  the  hori- 
zon to  the  top  of  the  arc  in  the  neighborhood  of  the  magnetic  meridian . 
At  the  same  time  also  a  vermicular  motion  appeared  all  through  the 
meteor,  and  scattered  masses,  detached  from  the  arc,  formed  almost 
a  beginning  of  another  arc,  but  they  very  soon  became  curled  into 
several  irregular  shapes.  The  southern  part  of  the  sky  appeared 
extraordinarily  dark,  perhaps  by  contrast. 

At  half-past  seven,  several  thin  clouds  appeared  on  the  sk}'  where 
the  Aurora  was  shining,  the  arc  began  to  grow  faint,  and  after 
changing  its  form,  almost  vanished.  I  retired  therefore  into  the 
house,  thinking  that  all  wasover  ;  but  after  an  hour  the  clouds  again 
appeared  luminous  towards  the  north,  then  disappeared,  and  the 
Aurora  became  quite  wonderful.  The  dark  segment  was  gradually 
shining,  as  if  its  matter  had  been  set  on  fire  ;  the  two  luminous 
masses  situated  at  theN.  E.  and  N.  W.  were  greatly  enlarged,  grew 
higher,  and  united  with  that  which  was  in  the  middle  of  the  segment, 
a  more  vivid  purple  color  remaining  yet  at  their  former  place.  Large 
masses  of  light,  in  the  shape  of  immense  waves  and  beams,  shot  forth 
from  the  arc,  and  lateral  masses  arose  rapidly,  passed  the  zenith  to 
meet  together  and  compose  the  crown.  Before  the  crown  was 
formed,  several  luminous  waves  appeared  on  the  southern  hemi- 
sphere, at  an  altitudeof  about  45°,  rising  gradually  to  meet  with  those 
comino;  from  the  northern  side  to  form  the  crow'n.     This  fact  which 
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was  veiy  apparent,  and  renewed  several  times  daring  the  continu- 
ance of  the  Aurora,  shows  that  the  luminous  matter  which  appeared 
on  the  south  was  not  the  same  which  had  already  come  from  the 
nortli,  and  passed  through  the  crown  to  the  other  side.  Besides,  a 
single  glance  at  the  crown  showed  that  it  was  not  made  by  the  inter- 
section of  longitudinal  beams,  meeting  together  and  intersecting  one 
another  ;  since  the  luminous  matter  was  there  disposed  in  extremely 
irregular  figures  and  curls,  and  the  motion  of  the  waves,  coming  both 
from  the  soutli  and  north,  was  tending  upwards  to  it. 

We  noticed  carefully  the  position  of  the  corona  with  respect  to  the 
stars  which  it  covered,  and  comparing  it  on  a  globe  conveniently  dis- 
posed, we  found  them  so  far  from  zenith  that  lines  drawn  from  them  to 
us  were  nearly  parallel  to  the  axis  of  the  dipping-needle  at  Stony- 
hurst.  This  measure  could  not  be  taken  with  greater  accuracy, 
owing  to  the  large  extension  of  the  crown,  and  its  continuous  agi- 
tation. 

The  most  beautiful  instant  of  the  meteor  was  at  |  past  10.  All  the 
vault  of  the  heaven  was  illuminated  ;  long  stripes,  and  beams  of  light 
red,  white,  and  yellow,  shooting  from  every  point  of  the  horizon, 
from  S.  E.  all  around  through  the  north  to  the  S.  W.,  reached  the 
crown.  Beams  suspended  in  the  air,  but  not  reaching  the  horizon, 
appeared  also  towards  the  south,  leaving  only  a  dark  segment,  nearly 
45°  high  with  a  base  of  90°,  extended  from  S.E.  to  S.  W.  It  is  impossi- 
ble to  describe  the  effect  and  magnificence  of  this  spectacle,  which 
very  seldom  shines  with  all  its  greatness  even  in  the  northern  coun- 
tries. Many  aged  people,  who  were  accustomed  to  pay  attention  to 
the  Aurora,  assured  me  that  it  was  quite  extraordinary  ;  and  this  was 
also  the  result  from  the  register  of  meteorological  observations  kept 
very  carefully  at  Stonyhurst  observatory  for  several  years  by  jNJr. 
"Weld.  We  could  not  find  a  more  convenient  object  for  comparison 
than  that  of  an  immense  tent  or  canop}'  of  transparent  silk  suspended 
in  the  inside  of  a  golden  dome,  and  extended  in  large  folds  and  fes- 
toons from  the  crown  down  to  the  horizon,  leaving  only  a  large  aper- 
ture towards  the  south.  A  gentle  breeze  shaking  its  folds,  and 
sending  to  the  eye  the  reflections  of  a  more  or  less  vivid  light, 
can  only  represent  tlie  motion  of  the  luminous  waves  which  arose 
from  the  horizon  towards  the  crown.  The  similarity  of  the  motion 
produced  was  so  close,  that  for  some  time  I  doubted  whether  I  ought 
not  to  attribute  it  to  the  wind  which  then  was  blowing  from  N. 
W.,  where  was  now  the  most  red  and  brilliant  part  of  the  meteor.  I 
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perceived,  however,  very  easily  that  this  was  not  the  case,  because 
their  progress  was  made  both  with  and  against  the  wind  ;  but  I  could 
not  satisfy  myself  on  another  doubt,  namely,  whether  that  motion 
was  not  at  least  indirectl}'  produced  by  the  wind,  since  it  seemed 
that  the  most  brilliant  flashes  of  light  coincided  with  the  new 
impulses  of  the  wind.  This,  therefore,  deserves  new  observations. 
The  luminous  waves  w^ere  sufHciently  large  to  extend  themselves 
over  several  beams  crossing  them  at  right  angles  ;  they  seemed  to 
be  composed  not  of  any  additional  matter,  but  of  that  which  by  its 
motion  and  light  formed  the  beams.  These  waves,  as  I  shall  continue 
to  call  them,  began  to  move  from  the  horizon.  After  rising  several 
degrees,  they  stopped  a  little,  and  during  the  pause  became  very 
faint.  After  a  while  they  appeared  rekindled  and  rose  higher,  until 
after  several  alternations  of  that  kind,  they  reached  the  corona. 
In  general,  many  of  them  were  in  motion  together  in  the  different 
parts  of  the  sk}',  and  their  swift  and  irregular  motion  produced 
that  liveliness  which  is  the  distinctive  charm  of  this  phenomenon, 
and  without  which  it  would  scarcely  be  superior  to  the  beauties  of 
the  dawn  or  sunset.  In  some  moments  of  stillness,  all  the  heavens 
appeared  divided  in  stripes  by  the  luminous  beams,  like  the  surface 
of  a  globe  by  the  meridians,  the  pole  being  on  the  prolongation  of 
the  axis  of  the  dipping-needle.  After  a  few  minutes  of  stillness,  it 
paled  gradually,  and  vanished  in  several  parts,  but  only  to  give 
place  to  a  new  change  of  scene.  Then  the  light  revived  suddenly 
all  around  with  such  rapidity,  that  it  was  impossible  to  resist  the 
idea  of  an  electric  spark  diffusing  itself  on  the  surface  of  an 
imperfect  conductor  or  in  vacuo.  With  this  idea,  I  tried  to  explore 
the  electricity  of  the  atmosphere  with  a  common  atmospherical 
electrometer,  whose  point  was  unfortunately  blunt,  and  I  could 
not  discover  any  sign  of  it.  It  is  well  known,  however,  that  Count 
Morozzo,  of  Turin,  obtained  strong  signs  of  electricity,  during  the 
shooting  of  the  beams,  with  a  very  coarse  electrometer,  made  of 
two  straws,  suspended  with  a  thread  at  the  top  of  a  reed.  This  free 
construction  of  an  electrometer,  perhaps,  is  more  suitable  to 
this  examination  than  the  common  one,  where  the  straws  are 
enclosed  in  a  glass  bottle.  A  galvanometer  applied  to  an  interruption 
made  in  a  lightning-rod  would  be  aj'^et  better  instrument  in  this  case. 
I  must  also  say,  that  when  I  examined  it,  the  most  vivid  shooting 
light  had  disappeared.  For  want  of  good  magnetic  instrument,  I 
could  not  see  if  there  was  any  disturbance  in  the  magnetic  needles. 
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But  as  the  phenomenon  was  so  large,  it  must  have  been  observed 
somewhere. 

The  most  brilliant  part  of  the  Aurora,  at  8  o'clock,  was  at  the 
N.  E.  ;  but  after  10  it  passed  to  N.  W.,  so  that  it  seemed  to  follow 
the  apparent  course  of  the  sun.  This  ver}'  fact  happens  frequently, 
as  I  was  then  assured.  The  Aurora  lasted  until  4  o'clock  of  the 
next  morning  ;  and  several  times  was  renewed  with  very  fine  appear- 
ances, yet  inferior  to  the  first,  although  always  extended  almost 
over  all  the  sky.  In  the  following  evening  there  was  no  Aurora  at 
all,  notwithstanding  that  the  sky  was  perfectly  cloudless  and  clear. 

I  paid  a  special  attention  to  the  colors  of  light  displayed  in  the 
meteor.  The  most  splendid  were  yellow,  red,  purple,  and  white  ;  a 
yellow  greenish  color  appeared  in  some  places,  but  it  was  very 
faint,  and  evidently  due  to  the  contrast  of  the  red  with  the  blue  of 
the  sky  finely  illuminated  with  j^ellow.  The  colors,  therefore,  of 
the  Aurora  Borealis  were  the  same  with  those  of  the  morning 
Aurora  in  a  pure  atmosphere.  Deep  purple  and  violet  colors,  like 
those  which  accompany  the  sunset,  were  wanting.  Tliis  seems  to 
lead  to  the  conclusion,  that  no  dense  aqueous  vapor  takes  place  in 
the  Aurora  ;  since,  in  general,  vapor  displays  more  fiery  colors  than 
the  pure  air  does.  This  conclusion  is  supported  also  by  the  observa- 
tion of  the  stars.  The  large  stars  could  be  seen  veiy  distinctly,  with- 
out haze  around  them  ;  but  the  small  ones  could  not  be  seen  at  all, 
on  account  of  the  brilliancy  of  the  meteor,  which  was  sometimes 
greater  than  that  of  the  bright  full  moon.  It  will  be  better,  in 
future,  to  observe  the  stars  through  powerful  telescopes,  to  ascertain 
if  they  are  perfectly  without  haze,  and  if  they  appear  steady,  or 
shaken  by  irregular  refraction.  This  unsteadiness  would  prove  that 
airs  of  different  temperature  are  mixing  together. 

As  a  careful  observation  of  the  colors  of  the  Aurora  may  lead  to 
some  interesting  consequences,  on  account  of  the  part  which  vapor 
may  have  in  this  phenomenon,  and  it  is  already  difficult  to  define 
them  accurately  without  a  standard,  I  beg  ^-^our  permission  to  pro- 
pose one  which  seems  to  me  suflSciently  good.  This  consists  in  the 
colors  of  Newton's  tliin  plates.  Nobili,  observing  them  in  his  large 
chromatic  scale,  obtained  by  galvanic  action  on  steel  plates,  ob- 
served that  all  the  colors  of  the  sky  are  contained  in  the  first  two 
rings.  Those  of  the  pure  dawn  extend  themselves  from  the  blue 
to  the  purple  of  the  second  order;  when  those  of  the  clouds  and 
vapors  at  the  sunset  are  contained  in  the  first,  the  fiery  dyes  of  the 
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latter  belong  totall}^  to  the  first  order. ^  Tliese  two  orders  are  with- 
out green  at  all,  although  this  color  was  enumerated,  by  Newton, 
in  the  second  ring,  by  a  mistake  which  is  easily  made,  observing 
the  rings  in  too  narrow  a  scale.  Several  natural  philosophers 
remarked  the  oversight  of  Newton,  and  I  find  that  their  observa- 
tion is  true ;  I  can  obtain  rings  whose  second  order  is  about  an 
inch  and  a  half  in  diameter,  without  any  trace  of  green  in  it ;  and 
no  green  appears,  when,  by  the  diminution  of  pressure  of  the 
glasses,  the  central  spot  passes  through  all  the  colors  of  the  same 
second  order.  This  color  is  also  wanting  in  the  second  ring  ob- 
tained with  polaiMzed  light,  passed  through  the  axis  of  a  plate  of 
calcar  spar  or  topaz.  These  colors,  being  therefore  constant  and 
easj'^  to  obtain,  may  be  used  as  a  standard  for  comparison  with 
those  of  the  Aurora,  and  from  them  the  action  of  aqueous  vapor 
in  it  could  be  ascertained.  If  the  absence  of  the  fiery  colors  of 
the  first  order  is  constant,  we  can  state  that  no  dense  vapor  is 
found  in  the  air  where  the  Aurora  shines,  but  only  dry  illuminated 
air, 

I  told  you  that  the  Aurora  was  interrupted  by  clouds,  and  reap- 
peared at  their  vanishing.  They  were,  in  general,  very  faintly 
illuminated  at  the  edge.  It  is  a  common  observation,  that  very 
often  the  Aurora  ends  with  clouds.  On  this  fact,  a  very  inter- 
esting question  can  be  put:  Are  these  clouds  the  effect  of  the 
Aurora,  or  do  they  prevent  it  when  their  formation  begins?  The 
solution  of  this  question  is  closely  connected  with  the  explanation 
of  the  Aurora  itself,  which  I  shall  not  attempt  to  set  forth,  but 
I  shall  confine  myself  to  point  out  this  fact  as  one  of  those  which 
any  theory  proposed  must  explain. 

It  seems  now  out  of  question  that  this  phenomenon  is  electrical ; 
but  how  this  electricity  is  produced  is  yet  a  myster}'.  Captain 
Beechey  attributed  it  to  electricit}^  developed  in  the  mixture  of 
cold  and  warm  air  in  the  northern  countries.  This  is  not  the  place 
to  discuss  the  foundations  of  his  theory.  I  shall  only  say  that  in 
this  hypothesis  we  can  explain  several  circumstances  of  the 
Aurora,  and  among  them  the  influence  of  the  clouds  in  it,  and  its 
disappearance  when  clouds  appear.  If  the  masses  of  air  mixing 
together  are  overloaded  with  vapor,  a  part  of  it,  after  the  mixture, 
will  become  condensed,  and  a  cloud  will  appear.  This,  being  a 
better  conductor  of  electricity  than  dry  air,  will  easily  discharge 
the    electricity   to  the  earth,    and  no  luminous    appearance   will 

iNobili  Opera,  Tom.  I,  p.  170. 
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take  place.  This  also  might  be  the  reason  why,  in  foggy  and  damp 
seasons,  the  Aurora  seldom  appears,  but  generally  only  after  a 
few  days  of  fine  weather.  The  faint  light  which  accompanies  the 
emission  of  steam,  in  hydroelectric  machines,  before  the  steam  be- 
comes visible  vapor,  might  bestow  an  experimental  proof  of  Cap- 
tain Beechej^'s  theory. 

Those  who  attribute  the  origin  of  the  Aurora  to  electricit}'  are  puz- 
zled in  finding  the  beams  of  light,  which  they  regard  as  electric  cur- 
rents, perpendicular  to  the  currents  of  the  eartli,  instead  of  being 
parallel  to  them,  as  they  ought  to  be  according  to  Ampere's  theory. 
Professor  Pianciani  considering  that  sometimes  the  beams  are  seen 
entwined  with  streams  of  light,  thought  they  could  be  compared  with 
electro-dynamic  coils.  But  whatever  ma\'  be  the  disposition  of  the 
electricity  in  the  beams,  I  observe  that  thej-  are  neither  perpendicular 
nor  parallel  to  the  currents  of  Ampere,  but  that  each  beam  lies  in  a 
plane  passing  through  the  resultant  of  the  terrestrial  magnetic  forces, 
that  is,  through  the  directions  of  the  dipping-needle.  The  large 
arc  which  commonly  constitutes  the  Aurora  is  perpendicular  to  this 
direction,  but  the  positions  of  beams,  of  which  it  is  composed,  are 
in  the  said  planes.  The  undulator}'  motion,  which  is  propagated 
along  the  beams,  excites  the  idea  of  luminous  matter  running  from 
the  points  of  the  horizon  towards  a  central  line;  That  electrified 
matter  should  be  so  attracted  b}^  the  earth  towards  the  resultant  of 
its  magnetical  forces  agrees  well  with  what  we  know  about  the 
mutual  action  of  magnetism  and  electricity.  The  electricit3-,  how- 
ever, during  the  travel  towards  the  line  of  the  said  resultant,  seems 
to  be  graduall}'  absorbed  b}-  the  earth,  since  the  quantity'  visible  near 
the  horizon  is  extremely  great  in  comparison  with  that  which  reaches 
the  crown.  According  to  this  idea,  the  beams  would  not  be  pris- 
matic, or  cylindrical  columns,  or  arches  rising  from  the  limits  of  the 
horizon,  and  passing  above  the  head  of  the  observer  to  meet  with 
one  another  in  the  crown  ;  they  would  onl}'^  appear  so,  being  really 
as  many  masses  starting  from  the  horizon,  enveloping  occasionally 
the  observer  himself,  and  converging  towards  the  common  line  of 
attraction,  as  so  many  slices  contained  between  planes  intersecting 
one  another  in  the  line  of  the  dipping-needle,  through  which  planes 
the  matter  is  attracted  by  the  earth  from  any  point  of  the  atmos- 
phere, and  tends  to  gather  in  the  direction  of  the  attracting 
magnetical  force. 

But,  sir,  I  perceive  that  I  am  wandering  in  the  fields  of  hypothesis 
more  than  a  simple  communication  would  require.  I  shall  not,  how- 
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ever,  apologize  for  it,  being  aware  that  it  happens  very  often  that  an 
idle  speculation  provokes  a  useful  observation,  which  might  other- 
wise have  been  overlooked. 

I  remain,  therefore,  respectfull}',  3'our  obedient  servant, 

A.  Secchi, 
Prof,  of  Math,  and  Nat.  Phil. 
Georgetown  College,  J).  C,  April  12,  1849. 

P.  S.  This  letter  was  almost  finished,  when  I  happened  to  see  in 
Silliman'sJournalof  last  month,  page  127,  that  the  same  Aurora  was 
seen  also  in  America,  at  New  Haven  ;  this  encouraged  me  to  send 
you  further  details,  that  they  may  be  useful  to  compare  both  appear- 
ances, in  case  that  observations  have  been  made. 

After  the  reading  of  the  above  communication,  Dr.  Hare  made 
the  following  remarks  : 

The  idea  is  suggested,  that  moist  air  is  a  conductor.  I  am  enabled 
to  say,  from  experimental  observation,  that  luoist  air  is  not  a  con- 
ductor ;  in  only  imparts  conducting  power  to  the  surface  of  glass  or 
other  insulators,  by  its  deposition  on  them,  and  thus  paralyzes  appa- 
ratus which  for  its  efficiency  requires  insulation.  From  the  con- 
ductor of  an  electrical  machine,  I  so  suspended  an  iron  rod,  termi- 
nated by  a  knob,  as  to  descend  through  the  open  neck  of  a  bell  glass 
placed  over  a  capsule  of  water  sufficiently  hot  to  yield  a  copious 
cloud  of  steam.  Under  these  circumstances,  the  red  hot  iron  being 
incapable  of  being  coated  with  moisture,  the  sparks  proceeded  from 
it  as  well  as  if  the  condensed  vapor  or  fog  had  not  been  present. 

Professor  Faraday  has  inferred  —  and  no  man's  experimental 
inferences  are  more  worthy  of  confidence —  that  the  torrent  of  elec- 
tricity produced  by  a  jet  of  high  steam  is  caused  by  the  friction  of 
the  aqueous  globules.  Whether  from  this  cause,  or  a  change  of 
capacity  resulting  from  condensation,  there  is  evidently  in  nature  an 
enormous  power  of  electrifying  those  immense  masses  of  condensed 
water,  of  which  thunder  clouds  are  formed,  so  as  to  create  the  gi- 
gantic discharges  which  take  place  during  electrical  storms.  Were 
moist  air  a  conductor,  these  clouds  could  not  retain  their  charges 
until  intense  enough  to  give  the  immense  sparks,  which  are  called 
lightning  ;  nor  could  a  spark  be  given  by  a  jet  of  high  steam,  since 
the  moisture  which  it  so  copiously  supplies,  would  carry  off  the 
electricity,  imperceptibly,  as  soon  as  generated. 

In  respect  to  the  Aurora  Borealis,  I  will  advert  to  a  suggestion 
■which  I  published  in  1836,2  agreeably  to  which,  there  are  three 

2See  Silliman'8  Journal  for  that  and  the  foUovricg  year. 
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great  concentric  spaces  :  first,  the  earth,  which  is  a  conductor  ;  then 
the  atmosphere,  which  is  a  non-conductor,  even  when  moist ;  lastly, 
the  space  beyond  the  earth,  which  must  act  as  a  conductor,  as  we 
know  that  a  certain  degree  of  rarefaction  makes  air  a  conductor,  and 
that  electricity  may  be  discharged  through  the  cavity  of  an  ex- 
hausted tube,  uninfluenced  by  its  length. 

We  have,  then,  in  this  great  globe,  the  denser  portion  of  its  atmos- 
phere, and  the  rarer  medium  beyond,  all  the  features  of  the  Lej'^dfen 
jar,  and  of  course,  an  enormous  capability  of  receiving  the  opposite 
states  requisite  to  the  production  of  electric  discharges.  That  the 
faculty  of  producing  those  states  exists  is  clear  from  the  considera- 
tions above  mentioned.  It  is,  then,  evident  that  the  intermediate 
conducting  concentrated  sphere,  constituted  b}^  the  atmosphere,  is 
as  competent  to  receive  a  charge  of  electricity  as  a  hollow  glass  jar 
or  globe ;  and  that  there  are  in  nature  commensurate  means  of 
electrical  excitement ;  and  it  is  reasonable  to  assume  that  the  inter- 
mediate atmospheric  sphere  to  which  the  others  serve  as  conducting 
coatings,  may  have  its  inner  and  outer  surface  oppositely  charged  ; 
and  that  in  consequence  discharges  may  ensue  either  disrupt! vely,  as 
lightning,  or  convectivcly,  as  in  tornadoes  and  hurricanes,  which 
are  conceived  to  owe  their  centripetal  blasts  to  the  ascent  at  the  axis 
of  the  electrified  particles  repelled  by  the  similarly  electrified  terres- 
trial superficies,  and  attracted  hy  the  outer  and  oppositely'  electrified 
atmospheric  surface,  the  buoyancy  of  which,  arising  from  the  rarity 
due  to  its  altitude,  prevents  it  from  descending.  Moreover,  there 
ma}'  be  diffuse  Aurora-like  discharges  from  one  part  of  the  rarer 
external  surface  of  the  atmospheric  sphere  to  another,  which  may 
even  take  place  between  the  arctic  region  and  the  antarctic.  All  the 
water  within  the  arctic  and  antarctic  circles,  converted  b}'  extreme 
cold  into  snow  or  ice,  must  be  rendered  as  perfectly'  non-conducting 
as  glass,  and  when  in  that  state  must  be  highl}'^  qualified  for  the 
reception  and  retention  of  electricity,  until  a  sufficient  intensitj'^  is 
attained  to  effect  discharges  through  the  rare  medium  existing  at 
more  than  thirty  miles  above  the  earth's  surface,  where  the  air  is  as 
rare  as  it  can  be  rendered  by  the  most  perfect  air-pump,  and,  con- 
sequently, as  above  mentioned,  as  fully  competent  to  act  as  a 
conductor. 

1  shall  not  now  expatiate  respecting  those  theoretic  suggestions 
already  published,  agreeably  to  which  the  opposite  electricities  are 
to  be  ascribed  to  opposite  polarities  imparted  to  different  portions 
of  an  ether  which  pervades  the  creation,  and  of  which  the  undula- 


FOR    THE  ADVANCEMENT    OF    SCIENCE.  11 

toiy  affections  are  now  generally  supposed  to  be  the  cause  of  light. 
I  will  postpone  that  topic  to  a  more  suitable  occasion. 

That  the  splendid  and  interesting  phenomena  described  in  the 
paper  which  has  been  read  are  attributable  to  electricity,  I  have  no 
doubt.  That  they  are  uninfluenced  by  the  thermo-electric  currents  to 
which  terrestrial  magnetism  is  ascribed  consistently  with  the  Am- 
perian  theor}',  is  not  inconsistent  with  their  electrical  origin.  Cur- 
rentsof  this  kind,  as  those  produced  by  galvanic  or  voltaic  batteries, 
have  no  reaction  with  diffuse  discharges  of  frictional  electricity, 
whether  produced  by  a  machine  or  aqueous  vapor.  It  is  onh'  in  an 
abnormal  state  of  extreme  concentration  that  discharges  of  this  na- 
ture have  any  inductive  reaction  with  those  on  which  magnetism  is 
depended. 

Professor  Henky. —  The  paper  of  Professor  Secchi  seems  to  me 
to  be  one  of  considerable  interest.  It  contains  a  number  of  inge- 
nious suggestions,  which  may  lead  to  new  results.  One  fact  alluded 
to  in  this  paper  is  highl^^  impoi'tant,  and,  though  taken  for  granted 
since  the  days  of  Franklin,  has  only  lately  been  fullj^  established.  I 
allude  to  the  connection  of  the  Aurora  with  electricity.  Besides  the 
observation  mentioned  in  the  preceding  paper,  I  am  informed  bj^  Mr. 
Herrick,  of  New  Haven,  that  an  electrical  action  had  been  observed 
at  that  place  on  the  wires  of  the  telegraph  at  the  time  of  the  ap- 
pearance of  the  Aurora.  The  same  fact  has  also  been  observed  in 
England  and  on  the  continent,  daring  the  last  year.  It  is  highly  de- 
sirable to  ascertain  whether  this  action  is  one  of  actual  transfer  of 
electricit}"^  from  the  space  at  one  end  of  the  wire  to  that  at  the  other, 
or  whether  it  is  an  inductive  action  of  the  Aurora  at  a  distance,  dis- 
turbing for  an  instant  the  electrical  equilibrium  of  the  wire.  This 
could  be  readily  determined  by  the  character  of  the  action  on  the 
needle  of  a  galvanometer. 

There  was  an  Aurora  last  night  visible  at  this  place,  which  exhib- 
ited some  peculiarities  not  frequently  observed,  so  far  as  I  am 
informed,  in  this  latitude.  These  were  pointed  out  to  me  by  Dr.  A. 
D.  Bache,  and  are  similar  in  a  degree  to  the  appearances  observed 
in  Siberia.  The  Aurora,  in  these  high  latitudes,  frequently  presents 
the  appearance  of  a  number  of  concentric  scrolls  or  curtains,  the 
general  axis  of  which  is  parallel  to  the  dipping-needle.  The  Aurora 
of  last  night  consisted,  while  we  were  observing  it,  of  a  number  of 
parallel  beams  which  together  formed  the  skeleton  of  an  arch  with 
an  irregular  curtain  border  at  the  lower  edge. 
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I  ma3-mcntton  to  the  Association  that  theSmitlisonianlnstitution, 
in  connection  with  an  extended  system  of  meteorology  which  it  has 
undertaken  to  establish,  has  issued  directions  for  observations  of  the 
Aurora.  These  directions  are  similar  to  a  set  issued  by  the  directors 
of  the  observatory  at  Toronto,  for  observers  in  Canada.  The  ob- 
servations made  in  the  two  countries  will  thus  form  one  extended 
system.  The  proprietors  of  the  several  telegraph  lines  have  offered 
to  grant  us  the  use  of  their  wires  for  meteorological  purposes,  and 
it  is  hoped  when  the  lines  are  completed,  and  we  have  established 
a  set  of  observers,  extending,  for  example,  from  Toronto  to  Wash- 
ington, or  even  farther  south,  we  shall  be  able  to  study  the  phe- 
nomenon of  the  Aurora  with  more  precision  than  it  has  ever  been 
studied.  On  a  long  line  extending  north  and  south,  the  observer, 
for  example,  at  Toronto,  having  noticed  an  Aurora,  may  call  the 
attention  to  it  of  all  the  observers  along  the  line,  and  thus  the 
extent  of  the  visibilit}',  and  the  simultaneous  appearance  of  any 
peculiar  phase  of  the  meteor,  ma}-  be  readily  determined. 

The  second  paper  was  read  by  Professor  Gray,  as  follows : 

The   Polar   Plant,   or   Silphiuji   Laciniatdm.      By    Benjamin 
Alvord,  Brev.  Maj.  U.  S.  Army. 

To  the  Presiding  Officer  of  ^' the  American  Association  for  the  Promotion  of  Science," 
Cambridge,  Massachusetts. 

I  propose  to  offer  a  few  observations  which  ma^'  serve  to  excite 
attention  to  the  Polar  Plant  of  the  western  prairies,  or  the  Silphium 
laciniutum. 

In  the  '■'■Mamial  of  the  Botany  of  the  Northern  United  States,  by 
Asa  Gray,  M.  D.,"  published  in  1848,1  notice  that  he  says,  p.  219, 
under  the  head  of  Siljihiuon  laciniatmn :  "Lower  leaves  said  to  pre- 
sent their  faces  uniformly  north  and  south  (which  is  not  the  case), 
and  thence  called  Compass  Plant." 

Many  may  recollect  that  in  August,  1842,  and  in  January,  1843, 1 
made  communications  to  the  National  Institute,  at  Washington, 
which  were  published,  setting  forth  the  peculiarities  of  this  plant, 
But  1  made  known  the  polarity  of  the  leaves  of  the  plant,  not  as  a 
discovery  of  my  own  ( tliough  it  was  then  unknown  to  the  scientific 
world)  but  as  a  fact  well  known  and  notorious  among  hunters,  trap- 
pers, ollicers  of  dragoons,  and  others  who  traversed  the  prairies.  The 
fact  being  disputed  by  such  respectable  authority  as  that  of  Dr.  Gray, 
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it  has  become  a  matter  of  scientific  interest,  as  well  as  of  justice 
to  m^'self,  that  I  should  sustain  my  former  testimony  in  the  case. 

But  in  the  outset,  it  is  proper  first  to  notice  a  mistake  in  the 
description  given  in  the  above  extract.  It  says  that  "the  leaves 
are  said  to  present  their  faces  uniformly  north  and  south."  It 
should  have  said,  that  it  is  alleged  that  the  radical  leaf  presents 
its  faces  uniformly  to  the  east  or  west,  the  plane  of  the  leaf  being 
north  and  ^onth,  or  coinciding  with  the  meridian  plane.  This  is 
uniformly-  true  of  the  radical  leaf  of  the  Silphiumlaciniatxim,  when 
there  are  no  disturbing  causes.  I  have  had,  myself,  opportunities 
to  notice  it  on  the  prairies,  in  various  portions  of  the  west,  for  four 
3'ears.  In  the  valleys,  or  lower  portions  of  the  rolling  prairies, 
where  most  sheltered  from  the  winds,  this  polarity  is  most  accurate, 
and  the  plants  are  seen  arranged  all  parallel  to  each  other.  This 
is  true  of  the  radical  leaf  from  one  or  two  feet  in  height,  before  it 
grows  up,  as  it  does  in  the  second  year,  to  the  floweiing  plant. 

But  my  principal  object  in  making  this  communication  was  to 
offer  the  following  testimony  on  this  topic.  In  answer  to  commu- 
nications written  before  I  had  seen  the  work  of  Dr.  Gray,  in  which 
I  especially  made  inquiries  as  to  how  far  west  those  oflScers  had 
seen  the  plant,  I  received  the  following  replies  : — 

Surgeon  S.  G.  I.  De  CcunjJ,  one  of  the  most  respectable  and  ex- 
perienced officers  in  the  medical  department  of  the  army,  who  ac- 
companied General  Kearney's  expeditions  to  New  Mexico,  writes 
me  as  follows,  from  Carlisle  Barracks,  Penn.,  March  20,  1849: 
'•I  have  seen  the  Polar  Plant  growing  luxuriantly  from  Fort  Tow- 
son,  near  Red  River,  to  Fort  Leavenworth,  on  the  Missouri.  In 
the  direction  of  Santa  Fe  I  have  not  observed  it  more  than  two 
hundred  miles  from  Fort  LeavenwortJi,  that  being  about  the  point 
where  the  rich  prairie  lands  terminate,  and  what  are  called  '  the 
plains '  commence.  In  the  direction  of  the  south  pass  of  the 
Rocky  Mountains,  it  is  found  as  far  west  as  the  Pawnee  villages, 
on  the  bottoms  of  the  Platte  River,  a  little  below  Grand  Island,  say 
300  miles  from  Fort  Leavenworth.  I  have  been  well  acquainted 
with  the  peculiarities  of  the  Polar  Plant  for  nearly  thirty-two 
years ;  and  am  perfectly  satisfied  that  while  the  plant  is  healthy 
and  of  a  vigorous  growth,  the  edges  of  the  leaves  point  northerly 
and  southerly  with  sufilcient  accuracy  to  be  of  great  service  to  the 
bewildered  traveller." 

Brevet  Major  Henry  S.   Turner,  then  of  the  first  regiment  of 


14  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

dragoons,  who  accorapaiiiecl  General  Kearney's  expedition  to  New 
Mexico  and  also  to  California,  and  has  since  resigned  ins  commis- 
sion, writes  me  as  follows,  under  date  of  St.  Louis,  April  22, 1849  : 
"I  have  no  recollection  of  having  seen  the  Polar  Plant  in  New 
Mexico  or  California;  indeed  I  may  say,  positivel}',  that  it  was 
nowhere  upon  our  route,  either  going  to,  or  returning  from  Califor- 
nia, west  of  the  rich  prairies  which  border  upon  our  frontier.  With 
respect  to  its  property  of  polarity,  or  pointing  north  and  south,  my 
attention  was  first  drawn  to  it,  fourteen  years  ago,  by  Major  Nathan 
Boone, 1  of  the  first  dragoons,  perhaps  the  oldest,  the  ablest,  and  the 
most  experienced  pioneer  of  the  west.  In  all  my  subsequent 
prairie  expeditions,  I  have  uniformly  observed  this  property  in  the 
Polar  Plant,  and  have  never  observed  a  departure  from  it,  except 
when  there  was  some  assignable  cause  apparent  .to  interfere  with 
the  natural  direction  of  its  growth,  sucli  as  winds,  the  trampling 
of  buffalo  or  cattle,  etc." 

I  trust  that  the  testimony  of  these  accomplished  officers  will  be 
regarded  as  conclusive  as  to  the  facts.  At  the  west  the  polarity  of 
this  plant  is  so  notorious  that  any  such  testimony  would  be  pro- 
nounced idle  and  unnecessary,  it  being  considered  as  a  settled  and 
household  fact.  An  amusing  example  of  this  occurred  in  1842. 
A  country  paper  in  Missouri,  alluding  to  the  publication  of  my  first 
letter  on  the  topic,  the  exact  language  of  whicli  had  not  been 
noted,  sneered  at  the  idea  of  any  one  claiming  a  "discovery"  of  such 
a  plant,  as  it  was  one  they  had  always  known,  and  an  eveiy-day 
afl"air  in  that  country.  The  editor  had  not  noticed  thati  only  pro- 
posed to  communicate  to  a  scientific  institution  knowledge  of  a 
plant,  "well  known"  at  the  west,  but  which  had  not  before  been 
brought  to  the  attention  of  men  of  science. 

Subsequent  to  the  publication  of  my  own.  Dr.  Gideon  B.  Smith, 
of  Baltimore,  sent  a  communication,  Aug.  29,  1842,  to  the  National 
Institute,  not  calling  in  question  the  fact  of  the  polarity  of  the  plant 
but  averring  that  he  had  published  a  description  of  such  a  plant  in 
his  American  Farmer  for  1833.     Nevertheless,  the  most  eminent 

"This  respectable  officer,  now  advanceil  in  j'ears,  and  who  came  late  in  life  into  the 
drngoon  regiment,  is  a  son  of  tlie  celebrated  Daniel  Boone.  A  venerable  gentleman  in 
KeDtticky,  wlio  had  been  engaged  in  the  nir  trade  in  his  early  life,  told  me  that  Daniel 
Boone  ouce  said  to  liim,  that  "  his  eon  Aathan  was  a  better  loooilsmiin  than  himself, 
thoiigli  he  claimed  the  snperiority  as  a  hunter  and  Indian  fighter."  I  might  add  in  this 
place  that  some  aged  Indians  west  of  Arkansas,  who  were  questioned  on  the  subject, 
said  that  they  had  ollcu  made  use  of  this  plant  as  a  guide  in  cloudy  weather,  and  that 
its  peculiarity  was  well  known  to  theindiaus,  u.  A. 


FOR   THE    ADVANCEMENT    OF    SCIENCE.  15 

professors  of  natural  science  in  the  country  were  ignorant  of  the  exist- 
ence of  an}'  such  propert}'^  in  the  Silphium  laciniatum  at  the  date  of 
my  publication.  Dr.  Smith  added  the  interesting  fact  that  another 
Silphium,  the  SiJphmm  terebinthinacenm,  has  leaves  alternately  dis- 
posed north  and  south,  and  east  and  west.  Soon  after,  I  think  in 
Sept.,  1842,  a  communication  was  made  to  the  National  Intelligen- 
cer, from  Indiana,  stating  that  not  only  this  plant,  but  others  on  the 
prairies  were  found  to  possess  a  similar  property.  This  leads  me  to 
add,  that  a  distinguished  engineer  in  Louisiana  informed  me,  in  1848, 
that  since  his  attention  had  been  drawn  to  this  subject  by  me,  he 
had  noticed  several  other  plants  in  which  he  thought  the  leaves 
were  attracted  towards  the  north. 

My  own  observation  of  the  flowering  plant  of  the  Silphium  lacini- 
atxim  (and  it  grows  to  this  I  think  the  second  year)  has  led  me  to 
suppose  that  its  leaves  exhibit  the  same  polarity  as  the  radical  leaf, 
but,  in  the  former  case,  the  leaf  takes  a  medium  position  between  its 
tendency  to  dispose  itself  S3'mmetrically  in  reference  to  the  stalk, 
and  its  tendency  to  point  towards  the  north.  Of  course  many  dis- 
turbing causes  are  liable  to  operate  to  affect  this  result. 

The  cause  of  the  polarity  of  the  Silphium  laciniatum^  is  yet  to  be 
discovered.  A  careful  analysis,  by  the  useof  the  most  delicate  tests, 
gave  no  trace  in  it  of  the  existence  of  the  magnetic  oxide  of  iron  or 
of  any  other  compound  of  iron.  I  have  conjectured,  therefore,  that 
the  polarity  may  be  due  to  electrical  currents,  as  the  plant  is  full  of 
resinous  matter,  and  is  sometimes  called  the  '•'•Rosin  Weed.'" 

The  above  abstract  embraces  the  principal  facts  yet  known  ;  but 
the  naturalist  will  see  that  much  remains  to  be  done  in'the  way  of 
accurate  and  judicious  observation.  The  allusion  to  other  plants  is 
made,  as  it  is  worthy  of  investigation,  and  may  lead  to  some  interest- 
ing generalizations.  Proper  observation  and  experiments  may  dis- 
cover traces  of  some  general  law  for  these  results. 

The  removals  incident  to  my  profession  have  always  interrupted 
any  series  of  observations  I  have  commenced.  The  plant  is  found  in 
southern  Michigan,  but  I  have  not  j'et  discovered  it  in  this  portion  of 
the  state.  It  is  found  on  rich  prairies,  and  its  indications  are  most  to 
be  relied  on  in  midsummer,  before  any  decay  has  occurred.  I  could 
not  find  it  on  the  barren  prairies  of  western  Texas,  between  the 
Neuces  and  the  Rio  Grande,  or  anywhere  in  Mexico;  but  I  have 
seen  or  heard  of  it  on  the  prairies  from  Texas  to  Iowa,  and  as  far 
west  as  about  three  hundred  miles  from  the  western  bouudaiy  lines 
of  the  stated  of  Arkansas  and  Missouri. 
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The  above  is  offered,  to  be  submitted,  if  3-011  think  proper,  to  the 
respectable  bodj^  over  wliich  you  preside ;  and  I  would  also 
request  that  you  give  it  to  Professor  Silliman  for  publication.  I 
suppose  he  will  attend  your  Convention,  and  I  promised  him  some 
years  since  to  send  a  communication  on  this  topic. 
Very  respectfully,  your  obedient  servant, 

Benjamin  Alvord,  Brev.  Maj.  U.  S.  A. 

Fort  Gratiot,  Michigan,  July  28,  1849. 

Prof.  Hare  inquired  whether  an}-  effort  had  been  made  to  test 
the  polarity  of  this  plant  bj-  any  artificial  power.  If  the  plant  was 
sensitive  to  the  magnetic  influence,  of  course  it  ought  to  obey  the 
more  concentrated  influence  of  a  powerful  steel  magnet,  or  an 
electro-magnetic  magnet.  If  it  should  be  found  insusceptible  to 
such  influences,  it  could  not  be  supposed  to  obey  the  less  powerful 
influence  of  the  earth. 

Prof.  Gray.  I  have  another  communication  which  has  been  en- 
trusted to  me  to  present,  upon  the  plants  of  Wisconsin,  and  in  that 
paper,  I  have  just  found  a  note  upon  the  subject,  showing  that  this 
fact  is  generally  assumed  at  the  west ;  that  there  is  something  about 
it  which  has  led  to  that  inference,  and  that  it  is  a  matter  of  general 
belief  among  most  intelligent  men  throughout  that  whole  region. 
The  paper  is  by  I.  A.  Lapham,  Esq. ;  and  I  can  vouch  for  his  being 
a  very  respectable,  and  I  think  a  very  competent  observer.  The 
note  is  as  follows  : — 

"The  large  radical  leaves  of  this  species  of  the  sunflower  tribe, 
when  growing  in  tufts  or  bunches  on  the  dry  open  prairies,  rise  so 
much  above  the  grassy  turf  as  to  form  conspicuous  objects  ;  and 
when  thus  exposed,  they  generally  present  their  flat  surfaces  towards 
the  rising  and  setting  sun — thus  turning  their  numerous  pointed 
lobes  towards  the  north  and  south.  Hence  it  is  called  the  "Com- 
pass plant,"  and  is  useful  as  a  guide  across  the  prairies." 

I  would  state  for  the  benefit  of  gentlemen  of  the  association  who 
may  lie  curious  to  determine  the  general  fact,  that  two  specimens  of 
tlie  plant  are  growing  in  the  Botanical  Garden.  One  of  them  is  in 
the  flowering  state,  but  still  holds  its  radical  leaves.  The  other  does 
not  flower  this  year,  and  has  merely  its  radical  leaves,  and  is  therefore 
in  the  condition  which  is  said  to  present  the  most  certain  indications. 
I  liopc  gentlemen  will  examine  them.  I  think  I  received  both  plants 
from  the  gcnlleman  whose  communication  I  now  hold  in  my  hand, 
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[I.  A.  Laphara].  I  would  state  that  the  other  species,  mentioned  in 
the  communication  as  having  its  leaves  directed  alternatel}'  nortli 
and  south,  and  east  and  west,  is  also  growing  in  the  Botanical  Gar- 
den, viz.,  the  Silphium  terebinthinaceum.  But  its  leaves  are  chiefl3' 
radical ;  the  stem-leaves  are  few  and  small,  and  evidently  are  ont 
arranged  in  the  manner  stated.  Probably  the  plant  intended  is 
another  species  still,  and  a  common  one,  the  Silx)Mum  jierfoUatum, 
which  is  also  cultivated  in  the  Botanic  Garden,  and  may  be  found 
in  man}'  gardens  in  Cambridge.  This  has  large  opposite  leaves, 
united  in  pairs  across  the  stalk,  the  successive  pairs  crossing 
each  other  at  right  angles,  according  to  the  normal  mode  in 
opposite-leaved  plants  ;  so  that  if  it  happens  that  any  one  pair  is 
directed  north  and  south,  the  second  will  be  east  and  west,  and  so 
on.  It  would  be  strange  if  the  leaves  should  not  stand  sometimes 
prett}' nearly  in  this  position.  But  the  plants  in  the  garden  quite  as 
frequentl}^  present  their  leaves  in  the  intermediate  directions.  As  to 
the  "polar  plant,"  the  testimony  appears  to  show  that  the  popular 
belief  has  some  kind  of  foundation  ;  and  I  suppose  that  Mr.  Lapliam, 
referring  the  phenomenon  to  the  disposition  of  the  surface  of  the  leaf 
with  respect  to  the  light,  has  stated  the  case  better  than  the  gentle- 
man who  made  tlie  original  communication.  It  is  well  known  that 
leaves  ordinarily'  turn  their  upper  surface  to  the  light ;  but  vertical 
leaves,  as  these  incline  to  be,  tend  to  take  a  position  which  exposes 
.the  two  surfaces  equally  to  the  light  of  the  sun  ;  and  such  upright 
radical  leaves,  by  presenting  their  surfaces  to  the  east  and  west, 
most  nearly  fulfil  this  condition.  The  idea  of  "polarity"  could  only 
mislead  ;  and  as  to  "electrical  currents"  induced  b\'  the  resin  the 
plant  contains,  it  would  be  .seen  that  they  could  not  exist  in  a 
resinous  body  ;  resin  being  a  non-cOnductor  of  electricit3^ 

Dr.  Gray  proceeded  to  sa}^  that  however  the  case  might  be  with 
respect  to  the  plant  on  the  prairies,  the  President  could,  he  thought, 
vouch  for  the  fact  that  those  growing  in  the  Botanic  Garden  did  not 
present  the  edges  of  their  leaves  to  the  north  and  south,  or  in  any 
one  plane  more  than  another.  The  brief  statement  in  the  S3'stematic 
work  referred  to  by  Major  Alvord  was  based  on  these  plants,  which 
at  that  time,  as  now,  did  not  exhibit  the  peculiarity  in  question. 

Dr.  Hare  alluded  to  the  common  belief  that  the  sunflower  turns 
toward  the  sun,  and  inquired  whether  there  was  any  truth  in  it.  He 
had  looked  at  the  plant  to  see  whether  it  had  any  such  tendency,  but 
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would  confess  that  his  own  observation  had  not  led  him  to  believe 
that  it  did  turn  to  the  sun.  If  such  notions  could  become  popular, 
without  good  ground  in  one  case,  they  might  also  in  the  other.  He 
would  admit  that  he  was  not  so  well  qualified  to  judge  of  the  facts 
where  the  sun,  as  where  magnetism,  was  concerned. 

Prof.  Gray.  Tiie  fact  alluded  to  has  found  its  way  into  poetry, 
and  out  of  the  domain  of  science  ;  and  is  now  regarded,  in  scientific 
works,  as  a  popular  fallacy.  The  heavy  sunflower  stands  in  unsta- 
ble equilibrium  on  its  stalk,  and  is  liable  to  nod  by  its  own  weight. 
Doubtless  it  is  more  apt  to  droop  towards  the  sun  than  in  any  other 
direction,  simply  on  account  of  the  sun's  action  on  a  sultry  day 
promoting  the  exhalation  from  the  side  of  the  stalk  on  which  it 
shines,  wilting  it,  as  it  were.  But  that  it  follows  the  sun  in  its 
diurnal  course  is  not  believed  to  be  the  fact. 

Prof.  Henry,  in  reply  to  a  question,  remarked  that  the  leaves  of 
the  plants  of  Silphmm  in  the  Botanic  Garden,  certainly  do  not  point 
to  the  north  and  south.  As  to  the  plant  in  the  prairies,  respecting 
which  such  testimony  was  adduced,  it  was  a  subject  worthy  of 
careful  and  precise  investigation. 

Rev.  Mr.  Morris  (of  Jackson,  Mississippi).  In  surveying  upon 
the  prairies,  for  several  years,  I  have  observed  that  in  running  com- 
pass lines,  north  and  south,  the  edge  of  the  leaf  was  seen,  so  that 
the  plant  was  not  at  all  conspicuous  ;  but  in  running  lines  east  and 
west,  the  whole  plant  was  seen,  and  it  was  a  very  conspicuous  object. 

Prof.  Peirce  inquired  whether  Mr.  Morris  had  observed  these 
leaves  to  conform  to  the  variation  of  the  compass  or  not. 

Prof.  Morris.  The  variation  in  Illinois,  where  I  spent  some 
years,  is  but  7°  or  8°,  and  was  not  observable.  The  leaf  did  not 
show  the  variation,  at  least  so  far  as  I  recollect  now  ;  for  it  was  twelve 
or  fifteen  years  ago.  But  the  leading  fact  was  one  which  we  were 
called  upon  to  observe  frequently,  that  in  running  a  north  and  south 
line,  we  could  scarcely  see  the  leaf;  but  in  running  east  and  west, 
the  whole  plant  was  very  conspicuous. 

The  third  paper  was  offered  by  Prof.  Gray,  as  follows  : — 
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Plants  of  Wisconsin.     By  I.  A.  Lapham,  Esq. 

To  the  American  Association  for  the  Promotion  of  Science : 

Wishing  to  contribute  to  the  objects  of  your  Association,  I  send 
the  following  enumercation  of  the  plants  found  in  this  new  state,  so 
far  as  they  have  yet  been  observed.  It  is,  doubtless,  very  far  from 
being  complete  ;  many  species  remaining  to  reward  future  explorers. 

The  vicinity  of  the  "Great  Lalces,"  Superior  and  Michigan ;  the 
elevated  plateau  between  Lake  Superior  and  the  Mississippi  river  ; 
the  "pineries  ;"  the  heavily  timbered  land;  the  "  oak  openings" 
and  the  prairies,  may  each  be  considered  as  distinct  botanical  dis- 
tricts, within  this  state,  affording  plants  peculiar  to  themselves,  and 
giving  great  richness  and  variety  to  our  flora. 

Mr.  Thomas  Nuttall  was  the  first  botanist,  so  far  as  I  can  learn, 
who  visited  Wisconsin.  He  passed  Green  Bay  by  the  portage  of 
the  Neenah  (Fox)  and  Wisconsin  rivers,  to  Prairie  du  Chien,  and 
thence  down  the  Mississippi,  as  early  as  about  the  3'ear  1813.  In 
his  very  valuable  "  Genera  of  North  American  Plants,"  published 
in  1818,  he  makes  frequent  reference  to  localities  in  this  state,  and 
has  described  thirteen  new  species  first  discovered  by  him  in  these 
regions. 

The  next  notice  of  our  plants  was  published  in  1821,  in  Siliiman's 
Journal,!  i^y  Pi-of.  D.  B.  Douglass  and  Dr.  John  Torrey  ;  being  "a 
notice  of  the  plants  collected  by  Prof.  Douglass,  in  an  expedition 
under  Governor  Cass,  during  the  summer  of  1820,  around  the  Great 
Lakes  and  upper  waters  of  the  Mississippi."  One  hundred  and  ten 
plants,  are  enumerated,  man^'^  of  them  from  within  the  limits  of 
this  state  ;  and  three  are  indicated  as  new  species. 

In  1823,  Major  Long,  with  a  party  of  scientific  gentlemen,  under 
the  direction  of  the  Secretary  of  War,  traversed  the  North  West 
Territorj'  (as  Wisconsin  was  then  called)  ;  but  unfortunately  the 
botanist  was  detained,  and  did  not  join  the  expedition.  We  have, 
consequently,  only  an  account  of  a  few  plants  gathered  by  the  late 
lamented  Thomas  Say,  naturalist  to  the  expedition  ;  these  were  ex- 
amined by  Lewis  de  Schweinitz,  an  accomplished  botanist  of 
Pennsylvania,  and  a  list  of  them  published  in  the  narrative  of  the 
expedition. 

The  next  and  last  published  notice  of  our  plants  is  in  Schoolcraft's 
"Narrative  of  an  Expedition  through  the  Upper  Mississippi  to 
Itasca  Lake,  the  actual  source  of  that  river,  in  1832."     This  ex- 

1  Vol.  IV,  p.  56. 
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pedition  was  accompanied  by  the  late  Dr.  Douglass  Houghton, 
whose  premature  death  in  Lake  Superior,  while  performing  his 
a,rduous  duties  of  State  Geologistof  Michigan,  is  sin cerel}' regretted, 
not  only  by  all  who  knew  him  but  b}'^  all  the  friends  of  science.  The 
list  of  plants  collected  by  him  in  this  expedition  numbers  two 
hundred  and  forty-seven, of  which  eight  were  new  and  undescribed. 
Numerous  prepared  specimens  of  Wisconsin  plants  have,  within 
the  last  few  years,  been  distributed  among  the  botanists  of  our 
own  and  other  countries  ;  and  the  critical  notices,  kindl}^  returned 
bj''  them,  have  been  of  much  assistance  in  malving  this  enumeration. 
It  embraces  one  hundred  and  thirty  of  the  natural  orders  or  families, 
four  hundred  and  sixteen  genera,  and  eight  hundred  and  forty-nine 
species  —  all  found  within  thirty  miles  of  the  city  of  Milwaukee, 
unless  otber  localities  are  mentioned. 

RANUNCULACE^.         (The  Crowfoot  Family.) 

Clematis,  Linn.     (Virgin's  Bower.) 

Virginiana,  Linn.     (Common  Virgin's  Bower,) 
Pulsatilla,  Tourn.     (Pasque-flower.) 

patens,  3fill.     (Anemone  patens,  Linn.) 
Anemone,  Linn.     (Wind-flower.) 

nemorosa,  IJnn.    (Low  Wind-flower.) 

Virginiana,  Linn.     (Fall  Anemone.) 

multifida,  DC.      Shore  of  Lake  Superior.     Dr.  Z.  Pitcher. 

Pennsj'lvanica,  Linn. 
Hepatica,  Dillenius.     (Liver-leaf.) 

triloba,  Chaix.     (Round-leaved  Hepatica.) 

acutiloba,  Z)  C.     (Sharp-leaved  Hepatica.) 
Thalictrum,  Linn.     (Meadow  Rue.) 

anemonoides,  Miclix. 

dioicum,  Linn. 

Cornuti,  Linn.      (Meadow  Rue.) 
Ranunculus,  Linn.     (Crowfoot.) 

aquatilis,  Linn.     (White  Water-Crowfoot.) 

Purshii,  Richards.     (Yellow  Water-Crowfoot.) 

rhomboidcus,  Goldie. 

abortivus,  Linn.     (Small  flowered  Crowfoot.) 

recurvatus,  Poir. 

Pennsylvanicus,  Linn.     (Bristly  crowfoot.) 

fascicularisj  Muhl. 
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(Ranunculus.) 

repens,  Linn.     (Creeping  Crowfoot.) 

Marylandicus,  Poir.     (Hauy  Crowfoot.) 

acris,  Linn.     (Buttercups.) 
IsoPYRUM,  Liyin.     (Enemion,  Itaf.) 

biternatum,  Torrey  &  Gray. 
Caltha,  Linn.     (Marsh  Marigold.) 

palustris,  Linn.     (Cowslip.) 
CoPTis,  Salisb.     (Goldthread.) 

trifolia,  Salisb. 
Aquilegia,  Ijinn.     (Columbine.) 

Canadensis,  Linn.     (Wild  Columbine.) 
Delphinium,  Linn.     (Larkspur.) 

azureum,  Miclix.     Upper  Mississippi,  Dr.  Houghton. 
Hydrastis,  Linn.     (Orange-root.) 

Canadensis,  Linn. 
AcT^A,  Linn.     (Cohosh.) 

rubra,  Bigel.     (Red  Cohosh.) 

alba,  Bigel.     (White  Cohosh.) 

MENISPERMACE^.         (The  Moonseed  Family.) 

Menispermum,  Linn.     (Moonseed.) 
canadense,  Linn. 

BERBERIDACE^E.         (The  Barberry  Family.) 

Leontice,  Linn.     (Caulophyllura,  Miclix.) 

thalictroides,  Linn.     (Blue  Cohosh.) 
Jeffersonia,  Barton.     (Twin-leaf.) 

diphylla,  Pers. 
Podophyllum,  Linn.     (Maj'  Apple.) 

peltatum,  Linn. 

CABOMBACE^.         (The  Water-Shield  Family.) 

Brasenia,  Schreber.     (Hydropeltis,  Michx.) 
peltata,  Pursli.     (Water-Shield.) 

NELUMBACE^.         (The  Nelumbo  Family.) 

Nelumbium,  Juss.     (Sacred  Bean.) 

luteum,  Willd.     Upper  Mississippi,  Dr.  Houghton. 
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NYMPH^ACEiE.         (The  Water  Lily  Family.) 

Nymph^a,  Tourn. 

odorata,  Ait.     (White  Water-Lil3\) 
NuPHAR,  Smith. 

advena,  Ait.     (Yellow  Water-Lily.) 

SARRACENIACE^.         (The  Pitcher  Plant  Family.) 

Sarracenia,  Linn. 

purpurea,  Linn.     (Side-Saddle  Flower.) 

PAP  AVERAGES.         (The  Poppy  Family.) 
Sangdinaria,  Dill.     (Bloodroot.) 
Canadensis,  Li7in. 

FUMARIACE^.         (The  Fumitory  Family.) 
Dicentra,  Boric. 

cucuUaria,  DC.     (Breeches  Flower.) 

Canadensis,  DC.     (Squirrel  Corn.) 
CoRYDALis,  Linn. 

aurca,  Willd.     Upper  Mississippi,  Dr.  Horighton. 

glauca,  Piirsh.     Blue  Mounds. 

CRUCIFERiE. 
Nasturtium,  Ji.  Broion. 

palustre,  DC. 
natans,  DC. 
Card  amine,  Linn. 

rhomboidea,  DC.     (Spring  Cress.) 

hirsuta,  Linn. 

pratensis,  Linn. 
Denlaria,  Linn.     (Toothwort.) 

laciniata,  Muhl. 
Arabis,  Linn. 

pctraia,  Lam.     Shore  of  Lake  Superior,  Dr.  Z.  Pitcher. 
lyrata,  Linn. 
hirsuta,  Scop. 
laevigata,  DC. 
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(Arabis.) 

Canadensis,  Linn.     (Sicklepod.) 
TuRRiTis,  Dill.     (Tower  Mustard.) 

glabra,  Linn.     Shore  of  Lake  Superior,  Dr.  Z.  Pitcher. 

stricta,  Graham.     Lake  Superior,  Dr.  A.  Gray. 

brachycarpa,  Torr,  &  Gray.   Shore  of  Lake  Superior,  Dr.  Z. 
Pitcher. 

Sisymbrium,  Linn.     (Hedge  Mustard.) 

canescens,  Nittt. 
SiNAPis,  Tourn.     (Mustard.) 

arveusis,  Linn. 

nigra,  Linn. 
Draba,  lAnn.     (Whitlow  Grass.) 

Caroliniaua,  Walt.     Near  Waukesha,  Mr.G.  W.  Cornwall! 
Camelina,  Crantz. 

sativa,  Crantz. 
Lepididm,  Linn.     (Pepperwort.) 

Virginicum,  Linn. 
Capsella,  Vent.     (Shepherd's  Purse.) 

Bursa-pastoris,  Mcench. 

Cakile,   Tourn.     (Sea-Rocket.) 
Americana,  Nutt. 

CAPPARIEACE^.         (The  Caper  Family.) 

POLANSIA,  Baf. 

graveolens,  i2a/.     Near  Beloit.     Mr.  T.  McEl  Henry ! 

VIOLACE^.         (The  Violet  Family.) 
Viola,  Linn.     (Violet.) 
blanda,  Willd. 

cucullata,  Ait.     (Blue  Violet.) 
pedata,  Linn. 
Muhlenbergii,  Torrey. 
pubescens.  Ait.     (Yellow  Violet.) 

CISTACE.^.         (The  Rock- Rose  Family.) 
Helianthemum,  Trum.     (Rock  Rose.) 

Canadense,  3Iichx. 
HuDsoNiA,  Liyin. 

tomentosa,  Nutt.     Lake  Superior,  Dr.  Houghton. 


24  PROCEEDINGS  OF    THE    AMERICAN    ASSOCIATION 

Lechea,  Linn.     (Pin weed.) 

minor,  Lam.     Upper  Mississippi,  Dr.  Houghton. 

DROSERACE^.         (The  Sundew  Family.) 

Drosera,  Linn.         (Sundew.) 

rotundifolia,  Linn. 

longifolia,  Linn.  L.  Sup.  to  Upper  Miss.  Dr.  Houghton. 

linearis,  Goldie.  La  Pointe,  L.  Superior,  Dr.  Houghton  ! 
Parnassia,  Tourn. 

Caroliniana,  Michx. 

palustris,  Linn.  South  sliore  of  L.  Superior,  Dr.  Z.  Pitcher. 

HYPERICACEiE.        (The  St.  John's- wort  Family.) 
Hypericum,  Linn.     (St.  Jolin's-Wort.) 

pyramidatum,  Ait.  Waukesha,  Mr.  G.  H.  Cornwall. 

Canadensis,  Linn.     Lalce  Superior,  Dr.  Houghton. 
Elodea,  Adans. 

Virginica,  Nutt. 

CARYOPHYLLACE^.         (The  Pink  Family.) 

§  1.  Silenece. 

Saponaria,  Linn.     (Soap wort.) 

Vaccaria,  Linn.     (Cow-IIerb.) 
Silene,  Linn.     (Catchfly.) 

stellata,  Ait.     (Starry  Campion.) 
Antirrhina,  Linn. 
noctiflora,  Linn. 
Lychnis,  Tourn.     (Cockle.) 
githago,  Lam. 

§  2.  Alsinece'. 
Arenaria,  Linn.  (Sandwort.) 

stricta,  Michx. 

serpyllifolia,  Linn.     Waukesha,  Mr.  G.  H.  Cornicall! 

lateri folia,  Linn. 
Stellaria,  Linn.     (Chickweed.) 

media,  Smith. 

longifolia,  3Iuhl.     (Stichwort.) 
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Cerastium,  Linn. 

vulgatum,  Linn.     Beloit,  Mr.T.  McEl  Henry. 
viscosum,  Linn.     (Mouse-Ear.) 

§  3.  lUecebrece. 
Spekgula,  Linn.  (Spurry.) 

arvensis,  Lir.n.     "Wavvatosa,  Mr.  M.  Spears. 
Anychia,  Michx. 

dichotoma,  Michx.     Blue  Mounds,  I.A.LapJiam. 

§  4,  Molhiginece. 
MoLLUGO,  Linn. 

vertieillata,  Linn.     (Carpet  weed.) 

PORTULACACE^.         (  The  Purslain  Family.  ) 

PoRTULACA,  Toiirn. 

oleracea,  Linn.     (Purslain.) 
Talinum,  Adans. 

teretifolium,  Pursli.     Falls  of  the  St.  Croix,  Dr.  Hovghton. 
Claytonia,  Linn.     ( Spring  Beauty. ) 

Virginiea,  Linn. 

MALVACE^.         (  The  Mallow  Family.  ) 

Malva,  Linn.     ( Mallow. ) 

triangulata,  ieave/acov-f/i.     {M.  Houghtonii,  Torr.  &  Gray.) 
Upper  Mississippi,  Dr.  Houghton. 

TILIACE^.         (  The  Linden  Family) 

TiLiA,  Linn. 

Americana,  Linn.     (Basswood.). 

LINACE^.         (  The  Flax  Family.  ) 

LiNUM,  Linn. 

rigidura,  Pursh. 

GERANIACEJE. 

Geranium,  Linn.     ( Cranesbill. ) 
maculatum,  Linn. 
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(  Geranium.  ) 

Cnrolinianum,  Linn. 

Kobertianum,  Linn.     Lake  Superior  to  Upper  Mississippi, 
Dr.  Houghton. 

0XALIDACEJ3.         (The  Wood  Sorrel  Family.  ) 

OxALis,  IJnn. 

violacea,  Linn.     Rock  Prairie,  aud  near  Beloit. 
stricta,  Linn. 

BALSAMINACE^.         (The  Balsam  Family.  ) 

Impatiens,  Linn.     (Jewel-Weed.) 
pallida,  Nutt. 
fulva,  Nutt. 

LIMNANTHACE^. 

Fl(erkea,  Willd.     (False  Mermaid.) 
proserpinacoides,  Willd. 

ZANTHOXYLACE^.     (  The  Prickly  Ash  Family.  ) 

Zanthoxylum,  Linn. 

Americanum,  Mill.     (Prickly  Ash.) 
Ptelea,  Linn. 

trifoliata,  Linn. 

ANACARDIACE^.         (The  Sumach  Family.) 

Rhus,  Linn.       (Sumach.) 
typhina,  Linn. 
glabra,  Linn. 

venenata,  DC.     (Poison  Sumach.) 
Toxicodendron,  Linn.     (Poison  Oak.) 

ACERACEiE.         (The  Maple  Family.) 

Acer,  Linn.     (Maple.) 

spicatura,  Lam.     (Mountain  Maple.) 
saccliarinum,  Wang.     (Sugar  Maple.) 
rubrum ,  Linn.     ( Red  Maple.) 
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Negundo,  Moench.     (Box  Maple.) 

aceroides,  3Ioenc7t.     Rock  River  and  Sugar  River,  I.  A.  L. 

CELASTRACE^.         (The  Spindle-Tree  Familt.) 

Staphylea,  Linn.     (Bladder- Nut.) 

trifolia,  Linn.     Beloit,  Mr.  T.  Mc  El  Henry. 
Celastrus,  Liyin.     (Bittersweet.) 

scandens,  Linn. 
EuoNTMDS,  Toiirn.     (Spindle-Tree.) 

atropurpureus,  Jacq.     (Here  called  Wahoo.) 

RHAMNACE^.      (The  Buckthorn  Family.) 

Rhamnus,  Linn.     (Buckthorn.) 

alnifolius,   L'Her. 
Ceanothus,  Linn.     (New  Jersey  Tea.) 

Americanus,  Linn. 

ovalis,  Bigel.     Beloit,  Mr.  T.  Mc  El  Henry. 

VITACEJ5.         (The  Vine  Family.) 

ViTis,  Linn.     (Grape  Vine.) 

aestivalis,  Miclix.     (Summer  Grape.) 

riparia,  Michx.     (Frost  Grape.) 
Ampelopsis,  Michx.     (Virginia  Creeper.) 

quinquefolia,  Miclix. 

POLYGALACE^.         (The  Milkwort  Family.) 

Polygala,   Tourn.     (Milkwort.) 

incarnata,  Linn.         Beloit,  Mr.  T.  McEl  Henry. 

sanguinea,  Linn.     (P.  purpurea,  Nutt.) 

verticillata,  Linn. 

Senega,  Linn.     (Seneca  Snake-Root.) 

polygama,  Walt.     Waukesha,  Mr.  G.  H.  Cornwall. 

LEGUMINOS^.  (The  Pea  Family.) 

ViciA,  Tourn.     (Vetch.) 

Cracca,  Linn.     (Tufted  Vetch.) 
Americana,  Mulil. 
4 
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Lathyrus,  Linn. 

maritimus,  Bigel. 

venosus,  Muld. 

ocbroleucus,  Hook. 

palustris,  Linn. 
Apios,  Boerh. 

tuberosa  Moench.     (Indian  Potato.) 
Amphicarp^a,  Ell. 

monoica,  NiUt.     (Wild  Bean.) 
Desmodium,  DC.     (Tick  Trefoil.) 

acuminatum,  DC. 

Canadense,  DC. 
Lespedeza,  Michx.     (Bush  Clover.) 

violacea,  Pers.  var.  divergens.  Beloit,  Mr.  T.  Mb  El  Henry. 
var.  sessilijlora,  Waukesha,  L  A.  Jjajjliam. 

capitata,  Michx. 
Astragalus,  Linn.     (Milk  Vetch.) 

Canadensis,  Linn. 
Phaca,  lAnn.     (Bladder  Vetch.) 

neglecta,  Torr.  &  Gray. 
Tephrosia,  Pers.     (Hoary  Pea.) 

Virginiana,  Pers. 
Amorpha,  Linn. 

fruticosa,  lAnn.     Beloit,  Mr.  T.  Mc  El  Henry. 

canescens,  Nutt.     (Lead  Plant.) 
Dalea,  lAnn. 

laxiflora,  Pursh.     "Near  Prairie  du  Chien,"  Mr.  Nuttall. 
Petalostemon,  Michx. 

violaceum,  Michx. 

candidum,  Michx. 
Trifolium,  Linn.     (Clover.) 

pratense,  Linn.     (Red  Clover.) 

repens,  Linn.     (White  Clover.) 
LupiNUS,    Tourn.     (Lupine.) 

perennis,  Linn.     (Wild  Lupine.) 
Baitisia,  Vent.     (False  Indigo.) 

australis,  2i.  Brown.     (B.  ca^rulea,  ^utt.)     On  the  Neenah 
River,  Dr.  Houghton. 

leucantha,  Torr.  &  Gray.     (B.  alba,  Hooker.) 

leucopbaja,  Nutt. 
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Cassia,  Linn.     (Senna.) 

Chamoecrista,  Linn.     Beloit,  Mr.  T.  McEl  Henry. 

ROSACEJ^.     (The  Rose  Family.) 

§  1.     Amygdalece. 
Prunus,  Town.     (Plum.) 

Americana,  Marsh.     (Yellow  Plum.) 
Cerasus,  Tourn.     (Cherry.) 

pumila,   Michx.     (Sand   Cherry.)      Lakes   Michigan   and 

Superior,  Dr.  Houghton. 
Pennsylvanica,  Loisel.     (Bird  Cherry.) 
Virginiana,  DC.     (Choke  Cherry.) 
serotina,  DC.     (Wild  Black  Cherry.) 

§  2.     Rosacece. 
Spiraea,  Linn.     (Meadowsweet.) 

opulifolia,  Linn.     (Nine-Bark.) 

salicifolia,  Linn.     (Meadowsweet.) 
Agrimonia,  Tourn.     (Agrimony.) 

Eupatoria,  Linn. 
Geum,  Linn.     (Avens.) 

Virginianum,  Linn.     (White  Avens). 

macrophyllum,  Willd.     Lake  Superior,  Dr.  Z.  Pitcher. 

strictum.  Ait. 

rivale,  Linn.     (Water,  or  Purple  Avens.) 

triflorum,  Pursh. 
PoTENTiLLA,  Linn. 

Norvegica,  Linn. 

Canadensis,  Linn.     (Fivefinger.) 

arguta,  Pursh. 

anserina,  Linn.     (Silver-Leaf.) 

fruticosa,  Linn. 

tridentata,  jiit.     Lake  Superior,  Dr.  Houghton. 
CoMARDM,  Linn.     (Marsh  Fivefinger.) 

palustre,  Linn. 
Fragaria,  Tourn.     (Strawberry.) 

Virginiana,  Ehrh. 

vesca,  Linn. 
RuBUS,  Linn.     (Bramble.) 

Nutkanus,  Mocino.    Head  of  Lake  Superior,  Dr.  Houghton. 
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(HUBUS.) 

triflorus,  Richards. 
strigosus,  Miclix.     (Red  Raspberry.) 
occidentalis,  Linn.     (Black  Raspberry.) 
villosus,  Ait.     (Blackberry.) 
hispidus,  Linn.     Lake  Superior,  Dr.  Houghton. 
Rosa,  Tourn.     (Rose.) 

lucida,  Ehrh.     (Wild  Rose.) 

blanda.  Ait.     Lake  Superior,  Dr.  Houghton. 

§  3.     Pomece. 
Crat^gus,  Limi. 

coccinea,  Linn.     (White  Thorn.) 

punctata,  Jacq. 
Ptrus,  Linn.     (Apple.) 

coronaria,  Linn.     (Crab- Apple.) 

arbutifolia,  Linn.     (Choke  Berry.) 

Americana,  DC.    (Mountain  Ash.)    Brookfield,  Waukesha 
Co.  Mr.  G.  H.  Cornwall. 
Amelanchier,  Medic.     (June-Berry.) 

Canadensis,  Torr.  &  Gray. 

LYTHRACE^.     (The  Loosestrife  Family.) 

Ltthrum,  Linn.     (Loosestrife.) 

alatum,  Pursh. 

ONAGRACE^.     (The  Evening  Primrose  Family.) 

§  1.     Onag  raced. 
Epilobium,  Linn. 

angustifolium,  Linn.     (Willow  Herb.) 

coloratum,  Muhl. 

palustre,  Linn. 
OEnotheua,  Linn.     (Evening  Primrose.) 

biennis,  Linn. 

chrysantha,  Michx.     AYaukesha,  Mr.  G.  H.  Cormuall. 
Lddwigia,  Linn. 

palustris,  Ell.     (Water  Purslain.) 
CiRCJEA,  Tourn.     (Enchanter's  Nightshade.) 

Lutetiana,  Liyin. 

al[)ina,  Linn. 
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§  2.  Hdloragem. 

Myriophyli.um,  Vaill.     (Water  Milfoil. ) 

spicatura,  Linn. 

verticillatuni,  Linn. 
HippuRis,  Linn.     (Mares-Tail.) 

vulgaris,  Linn. 

GROSSULACE^.         (  The  Gooseberry  Family.  ) 
RiBES,  Linn. 

Cynosbati,  Linn.     (Pricklj'^  Gooseberry.) 
hirtellum,  Michx.     (Smooth  Gooseberry.) 
rotuiidifolium,  Michx.     (  Swamp  Gooseberry.) 
floridum,  Linn.     (  Wild  Black  Currant.  ) 
rubrum,  Linn.       (Wild  Red  Currant.  ) 

CUCURBIT ACE^.         (  The  Cucumber  Family.  ) 

EcHiNOCYSTis,  Torr.  &  Gray. 

lobata,  Torr.  &  Gray.     (Wild  Cucumber.  ) 

CRASSULACE^.         (The  House-Leek  Family.) 

Penthorum,  Gronov. 

sedoides,  Linn.     (Stonecrop.) 

SAXIFRAGACE^.         (The  Saxifrage  Family.) 

Saxifraga,  Linn.     (Saxifrage.) 

Aizoon,  Jacq.     Lake  Superior,  Dr.  Z.  Pitcher. 

Virginiensis,  Michx.     Lake  Superior,  Dr.  Houghton. 

Pennsylvanica,  Linn. 
Heuchera,  Linn.     (Alum  Root.) 

Americana,  Linn. 
MiTELLA,  Tourn.       (Mitrewort.) 

diphj'lla,  Linn.     (Currant  Leaf.) 

nuda,  Linn. 
Chrysosplenium,  Tour.     (Golden  Saxifrage.) 

Americanum,  Schio.     Lake  Superior,  to  Upper  Mississippi, 
Dr.  Houghton. 

HAMAMELACE^.         (The  Witch  Hazel  Family.) 
Hamamelis,  Linn.     (Witch  Hazel.) 
Virginica,  Linn. 
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UMBELLIFER^. 

Sanicula,  Tourn. 

Maiylandica,  Linn.     (Sanicle.) 
Ertngium,  Tourn. 

aquaticura,  Linn.     (Rattlesnake-Master.) 

POLTT^NIA,  DC. 

Nuttallii,  DC. 
Heraclecm,  Linn.     (Cow  Parsnip.) 

lanatum,  Michx. 
Pastinaca,  Tourn. 

sat.iva,  Linn.     (Wild  Parsnip.     Poisonous.) 
Arch  ANGELIC  A,  Hoffm. 

atropnrpurea,  Hoffm. 
CoNiosELiNUM,  FiscJiev. 

Canadense,  Torr  &  Gray. 
ZiziA,  Koch.     (Alexanders.) 

cordata,  Koch. 

aurea,  Koch. 

integerrima,  DC. 
Bdpleurum,  Tourn. 

i-otundifolium,  Linn.     (Introduced.) 
CiCUTA,  Linn. 

maculata,  Linn. 

bulbifera,  Linn. 
SiVM, Linn.     (Water  Parsnip.) 

latifolium,  Linn. 
Cryptot^enia,  DC. 

Canadense,  DC.     (Ilonewort.) 
OsMORHizA,  liaf.     (Sweet  Cicel3\) 

longistylis,  DC. 
CoNiUM,  Linn.     (Poison  Hemlock.) 

maculatum,  Linn.     Green  Bay. 
Erigenia,  Nutt. 

bulbosa,  Nutt. 

ARALIACEiE.     (The  Spikenard  Family.) 
Aralia,  Linn. 

raceraosa,  Linn.     (Spikenard.) 
nudicaulis,  Liiin.     (Wild  Sarsaparilla.) 
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Panax,  Linn. 

quinquefolium,  Linn.     (Ginseng.) 
trifolium,  Linn.     (Ground-Nut.) 

CORNACE^.      (The  Dogwood  Family.) 

CoRNus,  Tourn. 

alternifolia,  Linn.     (Yellow-Twigged  Dogwood.) 

circinata,  L'Hev.  L.  Superior  to  Upper  Miss.,  Dr.  HoiigJiton. 

sericea,  Linn. 

stolonifera,  Miclix.     (Red-Twigged  Dogwood.) 

paniculata,  UHer. 

Canadensis,  Linn.     (Pudding  Berry.) 

CAPRIFOLIACE^.  (The  Honeysuckle  Family.) 

LiNN^A,  Gronov.     (Twin-Flower.) 

borealis,  Gronov. 
Symphoricakpus,  Dill. 

oecidentalis,  R.  Brown.     (Wolf-Berry.) 

racemosus,  Michx.     (Snowberry.) 
LoNiCERA,  Linn.     (Honeysuckle.) 

sempervirens,  Ait.     L.  Superior,  Dr.  Houghton. 

flava,  Sims.     (Yellow  Honeysuckle.) 

parviflora,  Lam. 

hirsuta,  Eaton.     L.  Superior  to  Upper  Miss.,  Dr.  Houghton. 

ciliata,  Muhl. 

caerulea,  Linn. 
Diervilla,  Tourn. 

trifida,  Moiuch. 

Triosteum,  Linn.     (Horse-Gentian.) 
perfoliatum,  Linn. 

Sambucus,  Linn.     (Elder.) 

Canadensis,  Linn. 
Viburnum,  Linn. 

Lentago,  Linn. 

dentatum,  Linn.     (Arrowwood.) 

acerifolium,  Linn. 

Opulus,  Linn.     V.  oxycoccus,  Parsh.     (High  Cranberry.) 
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EUBIACE^.         (The  Madder  Family.) 

§  1.  Stellate^. 
Galium,  Linn. 

Aparine,     Linn.     (Goose-Grass.) 

asprellum,  Michx. 

trifidum,  Jjinn. 

triflorum,  Miclix. 

lanceolatum,  Torr.     (Wild  Liquorice.) 

boreale,  Linn. 

§  2.  CincJionece. 

Cephalanthus,  Linn.    (Button-Bush.) 

occidentalis,  Linn. 
Mitchella,  Linn.     (Partridge-Beny.) 

repens,  Linn. 
Hedyotis,  Linn. 

eiliolata,  To7'r. 

longifolia,   Hoo'k.     St.  Louis  River,  Dr.  Hoxighton. 

VALP:RIANACEJE,         (The  Valerian  Family.) 

Valeriana,  Tourn.     (Valerian.) 

ciliata,  Torr.  &  Gray. 
Fedia,  Gcertn. 

Fagopyrum,  Torr.  &  Gray. 

COMPOSITEiE. 

Vebnonia,  Sclireb. 

Noveboracensis,  Willd.     Upper  Mississippi,  Dr.  Houghton. 

fasciculata,  Michx.      Beloit,  Mr.  T.  Mc  El  Henry. 
LiATRis,  Schreb. 

cylindraeea,  Michx. 

scariosa,  Willd. 

spicata,  Willd. 
KuiiNiA,  Linn. 

eupatorioides,  Linn. 
EuPATOKiUM,  Tourn. 

purpureum,  Linn. 

perfoliatura,  Linn.  (Thoroughwort.) 

ageratoides,  Linn. 
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Adenocaulon,  Hook. 

bicolor,  Hook.     Lake  Superior,  Dr.  Z.  Pitcher. 
Aster,  Linn.     (Starwort.) 

macrophyllus,  Linn. 

sericeus.  Vent. 

concolor,  Linn.     Neenah  River,  Dr.  Houghton. 

Isevis,  Linn. 

aznreus,  LincU. 

Sliortii,  Boot. 

sagittifolius,    Willd. 

multiflorns,  Ait. 

miser,  Linn. 
Aster  tenuifolius,  Li7in.     Upper  Mississippi,  Dr.  Houghton. 

prsealtus,  Pair. 

laxifolius,  Hees. 

puniceus,  Linn. 

prenantlioides,  Mxihl. 

oblongifolins,  Nutt.     Upper  Mississippi,  Ton-.  &  Gray. 

Novge-Aiiglise,  Linn. 

ptarmicoides,  Torr.  &  Gray. 
Erigeron,  Linn.     (Fleabane.) 

Canadense,  Linn. 

bellidifoliiim,  Muhl.     (Roberts's  Plantain.) 

Pliiladelpbicum,  Linn. 

glabellum,  Nutt.     St.  Croix  River,  Dr.  Houghton. 

strigosura,  Muhl. 
DiPLOPAPPUS,  Cass. 

linariifolius,  Hook.     Beloit,  3Ir.  T.Mc  El  Henry. 

umbellatus,    Torr.  &  Gray. 
SoLiDAGO,  Linn.     (Golden  Rod.) 

latifolia,  IJnn. 

speciosa,  Nutt. 

Virga-aurea,  Linn.     Lake  Superior,  Dr.  Houghton. 

rigida,  Linn. 

Ohioensis,  Hiclclell. 

Riddellii,  Frank. 

neglecta,   Torr.  &  Gray. 

patula,  Muhl. 

arguta,  Ait. 

altissima,  Linn. 
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(SOLIDAGO.) 

ulmifolia,  MiJil. 

nemoralis,  Ait. 

Canadensis,  Linn. 

lanceolata,  Linn. 
Chrtsopsis,  Nutt. 

villosa,  Natt.     Upper  Mississippi,  Dr.  Houghton. 
PoLYMNiA,  Linn. 

Canadensis,  lAnn. 
SiLPHiDM,  Linn. 

ternatura,  Linn.     Waukesha,  Mr.  G.  H.  Cornwall. 

laeiniatum,  Linn.     (Compass  Plant.') 

terebintliinaceum,  Linn.     (Prairie  Dock.) 

trifoliatum,  Linn.     Waukesha,  Mr.  G.  H.  Cormvall. 

integrifolium,  Michx. 

perfoliatum,  Linn.     Waukesha,  Mr.  G.  H.  Cornwall. 
Parthenium,  Linn. 

integrifolium,  Linn. 
Ambrosia,   Town. 

trifida,  Linn. 

artemisiaefolia,  Linn. 
Xanthium,  Tourn. 

strumarium,  Linn. 
Heliopsis,  Pers.     (Oxeye.) 

Isevis,  Pers. 
Echinacea,  Moancli, 

angustifolia,  DC.     Beloit,  Mr.  T.  Mc  El  Henry. 
EoDBECKiA,  Linn. 

laciniata,  Linn. 

hirta,  Linn. 
Lepachys,  Raf. 

pinnata,  Torr.  &  Gray. 
Helianthus,  Linn.     (Sunllower.) 

rigi(Uis,  Pers. 

occidentalis,  lliddell. 

giganteus,  Linn. 

decupetalus,  Linn. 

strumosus,  Linn. 

»  The  note  upon  the  direetioti  wlii<;h  the  leaves  of  this  plant  assume  ou  the  prairies 
lias  already  bocn  printed,  on  page  J 8. 
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Coreopsis,  Linn. 

trichosperma,  Michx. 

palmata,  Nutt. 
BiDENS,  Linn.     (Beggar-Ticks.) 

frondosa,  IJnn. 

cernua,  Linn. 

chrysanthemoides,  Michx. 

Beckii,  Torr.     St  Croix  River,  Dr.  Houghton. 
Helenium,  Linn. 

autumnale,  Linn. 
Maruta,  Cass.     (May-Weed.) 

Cotula,  DC. 
Achillea,  Linn.     (Yarrow.) 

millefolium,  Linn. 
Tanacetum,  Lin7i.     (Tansy.) 

Huronensis,  J^utt.     Lake  Superior,  Dr.  Houghton. 
Artemisia,  Linn.     (Wormwood.) 

Canadensis,  Michx. 

Ludoviciana,  Nutt. 

biennis,  Willd. 
Gnaphalium,  Linn. 

polycepbalum,  Michx. 
Antennaria,  Gmrtn. 

dioica,  Gcertn. 

plantaginifolia.  Hook. 
Cacalia,  Linn.     (Indian  Plantain.) 

suaveolens,  Linn. 

reniformis,  Muhl. 

atriplicifolia,  Linn. 

tuberosa,  JVutt. 
Senecio,  Linn. 

aureus,  Linn.       (Ragwort.) 

tomentosus,  Michx.     Beloit,  Mr.  T  McEl  Henry. 
Cersium,  Tourn. 

lanceolatum.  Scop.     (Tbistle,  introduced.) 

Pitcberi,  Torr.  &  Gray.     Lake  Superior,  Dr.  Z.  Pitcher. 

Virginianum,  Michx. 

muticum,  Michx. 

pumilum,  Spreng. 

arvense,  Scop.     (Canada  Thistle,  introduced.) 
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Lappa,  Tourn.  * 

major,  Gcertn.     (Burdock.) 
Cynthia,  Virginica,  Don. 
HiERACiDM,  Tourn.  (Hawkweed.) 

Canadense,  Michx. 

scabrnm,  Michx. 

Grouovii,  Linn. 
Nabalus,  Cass. 

albus.  Hook. 

racemosus,  Hook. 
Troximon,  Nutt. 

cuspidatum,  Pursli. 
Taraxacum,  Haller. 

Dens-leonis,  Desf.     (Dandelion.) 
Lactuca,  Tourn. 

elongata,  Muhl. 
SoNCHUs,  Linn.       (Sow-Thistle.) 

oleraceus,  Linn. 

LOBELIACE^.         (The  Lobelia  Family.) 

Lobelia,  Linn. 

cardinalis,  Linn.     (Cardinal  Flower.) 
siphilitica,  Xinn.(Blue  Lobelia.) 
iuflata,  iuwi. (Indian  Tobacco.) 
spicata.  Lam. 
Kalmii,  Linn. 

CAMPANULACEiE.         (The  Bell-Flower  Family.) 

Campanula,  Tourn. 

rotundifolia,  Linn.     (Hair-Bell.) 
aparinoides,  Parsh. 
Americana,  Linn. 

ERICACEAE.         (The  Heath  Family.) 

§  1.  Vacciniece. 
Gaylussacia,  H.  B.  tO  K.    (Hucklebeny.) 

rcsinosa,  Torr.  &  Gray.         (Black  Huckleberrj'.) 
Vaccinium,  Linn. 

macrocarpon,  Ait.         (Cranberry.) 
Pennsylvanicum,  Lam.     (Blue  Huckleberiy.) 
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Chiogenes,  Scdisb. 

hispidula,  Torr.  &  Gray. 

§  2.  Ericineoi. 
Arctostaphylos,  Aclcms. 

Eva-ursi,  Spreng.     (Bearbeny.) 
Gaultheria,  Kahn. 

procumbens,  Linn.     (Wintergreen.) 
Andromeda,  Linn. 

polifolia,  Linn. 

calyculata,  Linn. 
Kalmia,  Linn.     (Laurel.) 

glauca,  Ait.     Lake  Superior,  Prof.  Douglass. 
Ledum,  Linn.     (Labrador  Tea.) 

latifolium,  Ait.    L.  Superior  to  Upper  Miss.,  Dr.  Houghton. 

§  3.  Pyrolece. 
Pyrola,  Linn. 

rotundifolia,  Linn. 

asarifolia,  Michx. 

elliptica,  Nutt.     (Shin-Leaf.) 

secunda,  Linn. 
Moneses,  Salish.     (Pyrola,  Linn.) 

uniflora.     Mauvaise  River,  Dr.  Houghton. 
Chimaphila,  Pursh. 

umbellata,  Nutt.     (Prince's  Pine.) 

§  4.  Monotropece. 

MoNOTROPA,  Gronov.     (Indian  Pipe.) 
uniflora,  Linn. 

AQUIFOLIACE^.         (The  Holly  Family.) 

Prinos,  Linn.     (Winter-Berr}'.) 

verticillatus,  Linn. 
Nemopanthes,  Raf. 

Canadensis,  DC.     Lake  Superior,  Dr.  Houghton. 

PLANTAGINACE^E.         (The  Plantain  Family.) 

Plantago,  Linn.     (Plantain.) 
major,  Linn. 
cordata.  Lam. 
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PRIMULACE^.         (The  Primrose  Family.) 

Primula,  Linn.     (Primrose.) 

farinosa,  Linn.     Lake  Superior,  Dr.  Houghton. 

Mistassinica,  Michx.     Lake  Superior,  Dr.  Houghton. 
DoDECATHEON,  LAun. 

Meadia,  Linn.     (Shooting  Star.) 
Trientalis,  Linn. 

Americana,  Pursh. 
Lysijiachia,  Linn.     (Loosestrife.) 

quadritblia,  Linn. 

ciliata,  Linn. 

lanceolata,  Walt.     (L.  h3'brida,  Michx.)     Brookfield,    Mr 
M.  Spears. 

angustifolia.  Lam.     (L.  revoluta,  Nutt.) 
Naumburgia,  Mcench. 

tliyrsiflora,  Reich. 

LEUTIBULACE^.     (The  Bladderwort  Family.) 

Utricularia,  Linn. 

purpurea,  Walt.     Lac  Chetac,  Dr.  Houghton. 

vulgaris,  Linn. 

minor,  Linn. 

intermedia,  Hayne.     Broolvfield,  Mr.  M.  Spears. 

cornuta,  Michx.     Lake  Superior,  Dr.  Houghton. 

OROBANCHACE.aE.         (The  Buoom  Rape  Family.) 

Epiphegus,  Nutt.     (Beecli  Drops.) 

Virginiana,  Bart. 
Conopholis,  Wallr.     (Orobancbe,  Linn.) 

Americana,   Wallr. 

ACANTHACEiE.         (The  Acanthus  Family.) 

Dipteracantiius,  Nees.     (Rucllia,  Linn.) 

strepens,  Nees.     Beloit,  Mr.  T.  McEl  Henry. 

SCROPHULARIACEiE.     (The  Figwort  Family.) 

Verbascum,  Linn.     (Mullen.) 

Thapsus,  Linn.     (Introduced.) 
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Lin  ARIA,  Tourn.     (Toad  Flax.) 

vulgaris,  Dill.     Waukesha,  3Ir.  G.  H.  Cornwall. 
ScROPHULARiA,  Linn.     (Figwort.) 

nodosa,  Linn.     (S.  Marj-landica.) 
COIXINSIA,  Nutt. 

verna,  Nntt. 

parviflora,  Dougl.     South  shore  of  Lake  Superior,  Dr.  Z. 
Pitcher. 
Chelone,  Tourn.     (Snake  Head.) 

glabra,  Linn. 
Pentstemon,  Mitchell. 

pubescens,  Solander. 
MiMULUS,  Linn.     (Monkey  Flower.) 

ringens,  Linn. 

Jamesii,  Torr.  &  Gray. 
Stnthyris,  Benth. 

Houghtoniana,  Benth. 
Veronica,  Linn.     (Speedwell.) 

Virginica,  Linn.     (Leptandra,  Nutt.) 

Anagalis,  Linn. 

scutellata,  Linn. 

peregrina,  Linn. 
Gerardia,  Linn. 

purpurea,  Linn.  ' 

tenuifolia,  Vahl. 

setacea,  Waltr. 

pedicularia,  Lin7i.    Wisconsin  River,  Prof.  Douglass.    Nee- 
nah  River,  Dr.  Houghton. 

grandiflora,  Benth. 
Castilleja,  Mutis.     (Painted  Cup.) 

coccinea,  Spreng. 

sessiliflora,  Pursh.     (Euchroma  grandiflora,  Nutt.) 
Pedicularis,  Tourn.     (Lousewort.) 

Canadensis,  Linn. 

lanceolata,  Michx. 
Melampyrum,  Tourn.     (Cow  Wheat.) 

pratense,  Linn.     (M.  Amerieanum,  Michx.) 
VERBENACE^.     (The  Vervain  Family.) 
Verbena,  Linn.     (Vervain.) 

hastata,  Linn. 
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(Verbena) 

urticifolia,   Linn. 

angusti folia,  Linn. 

bracteosa,  Miclix. 

stricta,  Vent.     Upper  Mississippi,  Dr.  Houghton. 
Phrtma,  Linn.     (Lopseed.) 

leptostachya,  Linn. 

LABIATE.         (The  Mint  Family.) 

Mentha,  Linn.  (Mint.) 

Canadensis,  Linn.     (M.  borealis,  Michx.) 
Ltcopus,  Linn. 

Virginicus,  Linn.   (Bugle  Weed.) 

sinuatus,  Ell.     (L.  Europseus,  Ph.) 
Micromeria,  Benth. 

glabella,  Benth.     (Hedeoma  glabra,  Nutt.)  Lake  Michigan 
to  Lake  Superior  and  Upper  Mississippi,  Dr.  Houghton. 
Blephilla,  Raf. 

ciliata,  Raf. 
MoNARDA,  Linn.     (Horse  Mint.) 

fistulosa,  Linn. 

punctata,  Linn. 
Nepeta,  Linn.     (Catnip.) 

cataria,  Linn. 
Lopantuus,  Benth. 

nepetoides,  Benth. 

scropliularisefolius,  Benth. 
PrCNANTHEMUM,  Michx.     (Mountain  Mint.) 

lanceolatnm,  Pursh. 
Prunella,  Linn.     (Ileal-All.) 

vulgaris,  Linn. 
Scutellaria,  Linn.     (Scullcap.) 
•       parvula,  Michx. 

galericulata,  Linn. 

lateriflora,  Linn.     (Mad  Dog  Scullcap.) 

cordifolia,  Muhl. 
Physostegia,  Benth.     (Dracocepbalum,  Linn.) 

Virginiana,  Benth.     (Dragon-Head.) 
Leonurus,  Linn.     (Motherwort.) 

Cardiaca,  Linn. 
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Stachts,  Linn.     (Horse  Nettle.) 

aspera,  Michx. 
Teucrium,  Linn.     (Germander.) 

Canadense,  Linn. 

BORAGINACE^.         (The  Borage  Family.) 

Onosmodium,  MicJix. 

Virginianum,  DC.       (O.  bispidum,  Mx.) 
LiTHOsPERMUM,  Toxim.     (Gromwell.) 

officinale,  Linn. 

canescens,  Lelim.     (Batschia  canescens,  Mx.) 
Pentalophus,  DC.    (Batschia,  Nutt.) 

longiflorus,  DC.     Beloit,  3Ir.   T.  McEl  Henny. 
Mertensia,  liotli.     Pulmonaria,  Linn.     (Lungwort.) 

Virginica,  DC.     Beloit,  Mr.  T.  McEl  Henny. 
Echinospermum,  Siuartz. 

Lappula,  Lehm. 
Ctnoglossum,  Tourn.     (Hound's-Tongue.) 

officinalis,  Linn. 

Virginicuni,  Linn. 

Morisoni,  DC. 

HYDROPHYLLACE^.         (The  Water-Leaf  Family.) 

Hydrophyllum,  Linn.     (Water-Leaf.) 
Virginicum,  Linn. 
appendiculatum,  Michx.     Beloit,  Mr.  T.  McEl  Henny. 

POLEMONIACEiE. 

PoLEMONiuM,  Tourn. 

reptans,  Linn.     (Jacob's  Ladder.) 
Phlox,  Linn. 

glaberrima,  Linn.     (P.  revoluta,  Eaton.) 

pilosa,  Linn. 

divaricata,  Liym. 

CON VOLVULACE^ . 

Calystegia,  R.  Broivn.     (Convolvulus,  Linn.) 
sepium,  M.  Brown. 
spitbamaea,  PursJi. 
5 
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Cuscuta,  Tourn. 

Groiiovii,  Willd.     (C.  Americana,  Purch.) 

SOLANACE^.         (The  Nightshade  Family.) 

Datura,  Linn.     (Jamestown  Weed.) 

Stramonium,  Linn.     (Introduced.) 
iSTiCANDRA,  Adans. 

pbysaloides,  Gcertn. 
Phtsalis,  Linn.     (Ground  Clieny.) 

viscosa,  Linn. 

SoLANUM,  Linn. 

nigrum,  Linn.     (Night  Shade.) 

GENTIANACE^.         (The   Gentian  Family.) 

Gentiana,  Linn. 

quinqueflora,  Lam. 

crinita,  Frcel. 

detonsa,  Fries. 

rubricaulis,  Keating.     "Waukesha,  Mi'.  G.  H.  Cornioall. 

saponaria,  Linn. 
Halenia,  BorJch.     (Swertia,  Linn.) 

deflexa,    Griesb.       Mauvaise  and  Bois  Brule  Rivers,  Dr. 
Houghton. 
Menyanthes,  Tourn.     (Buckbean.) 

trifoliata,  Linn. 

APOCYNACEjE.         (The  Dogbane  Family.) 

Apocynum,   Tourn. 

androssemifolium,  Linn. 
hypericifolium,  Ait. 

ASCLEPIADACE^.         (The  Milkweed  Family.) 

Asclepias,  Linn. 

Cornuti,  Decaisne.     (A.  Syriaca,  Linn.) 

ph^'tohiccoides,  Farsh. 

variegata,  Linn. 

optusifolia,  Michx. 

rubra,  Linn.     Waukesha,  Mr.  G.  H.  Cornwall. 

iucarnata,  Linn. 


FOR   THE    ADVANCEMENT    OF    SCIENCE.  45 

(ASCLEPIAS) 

tuberosa,  Linn.     (Butterfly, Weed.) 

lanuginosa,  Nutt.     Eagle  Prairie,  /.  A.  Lapham. 

ACERATES,   Ell. 

viridiflora,  Ell. 

OLEACE^.         (The  Olive  Fajiily.) 

Fraxinus,  Tourn.     (Asli.) 

americana  Linn.     (White  Asli.) 
sambucifolia,  Lam.     (Black  Ash.) 

ARISTOLOCHIACE^.     (The  Birth  wort  Family.) 

AsARDM,  Tourn. 

Canadense,  Linn.     (Colt's  Foot.) 

CHENOPODIACEJE.         (The  Goosefoot  Family.) 

Salsola,  Linn.     (Saltwort.) 

kali,  Linii.     Lalve  Sliore,  Milwaukie. 
Chenopodium,  Linn. 

album,  Linn.     (Pigweed.) 

hybridum,  Linn.     (Goosefoot.) 
Blitum,  Tourn. 

capitatum,  Linn.     (Indian  Strawberry.) 
Ambrina,  Spach. 

Botiys,  Moquin.     Brookfield,  Mr.  G.  H.  Cormoall. 

AMARANTH ACE^.         (The  Amaranth  Family.) 

Amaranthus,  Linn. 

altissimus,  .Riddell. 
bybridus,  Linn.     (Red  Root.) 
hypocondriacus,  Linn.     (Prince's  Feather.) 
tamariscinus,  ^utt. 

NYCTAGINACE^.         (The  Nyctago  Family.) 

Allionia,  Linn. 

albida,    Wallr.     St.  Cvox^'Rxw&v,  Dr..  Houghton. 
nyctaginea,  Michx.     St.  Croix  River,  Dr.  Houghton. 
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POLYGONACEiE.         (The  Buckwheat  Family.) 

Polygonum,  Liyin.  * 

Pennsylvanicum,  Liyin. 
Persicaria,  Linn. 

Hydropiper,  Linn.     (P.  punctatum,  Ell.) 
bydropiperoides,  Michx. 
araphibium,  Linn. 
aviculare,  Linn.     (Knot-Grass.) 
articulatum,  Linn.     Lakes  Micbigan  and  Superior,  Dr. 

Houghton. 
Virginianum,  Linn. 
sagittatum,  Linn. 
Convolvulus,  Linn. 
cilinode,  Michx.     Lake  Superior,  Dr.  Houghton. 

RuMEX,  Linn.     (Dock.) 
Britannica,  Linn. 
crispus,  Linn.     (Curled  Dock.) 
Acetosella,  Linn.     (Sorrel.) 

THYMELEACE^.         (The  Mezereum  Family.) 

DiRCA,  Linn.     (Leatberwood.) 
palustris,  Linn. 

EL^AGNACEiE.         (The  Oleaster  Family.) 

Shepherdia,   Nutt. 

Canadensis,  Nutt. 

SANTALACE^.         (The  Sandal  Wood  Family.) 

COMANDRA,    Nutt. 

umbellata,  Nutt. 

ULMACE^.         (The  Elm  Family.) 

Ulmus,  Linn.     (Elm.) 

Americana,  Linn.     (Wliite  Elm.) 
fulva,  Michx.     (Slippery  Elm.) 

Celtis,   Town. 

occidentalis,  Linn.     (llack-BeiTy.) 
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SAURURACE^.         (The   Lizaud's  Tail  Family.) 

Saururus,  Zi?i?i.     (Lizard's  Tail.) 

cernuus,  Linn.     Upper  Mississippi,  Dr.  Houghton. 


CALLITRICHACE^. 


Callitriche,  Linii. 
verna,  Linn. 


EUPHORBIACE^.         (The  Spurge  Family.) 

Euphorbia,  Linn. 

coroUata,  Linn. 
maculata,  Linn. 

EMPETRACE^.         (The  Crowberry  Family.) 

Empetrum,  Tourn.     (Crowberry.) 

nigrum,  Linn.     Lake  Superior,  Dr.  Houghton. 

JUGLANDACE.E.         (The  Walnut  Family.) 

JuGLANS,  Linn.     (Walnut.) 

cinerea,  Linn.     (Butternut  or  White  Walnut.) 

nigra,  Linn.     (Black- Walnut.) 
Carya,  Nutt.     (Hickory.) 

alba,  Nutt.     (Shag-Bark  Hickory.) 

glabra,  Torr.     (C.  porcina,  Nutt.)     (Pignut  Hickoiy.) 

CUPULIFER^.         (The  Oak  Family.) 

Quercus,  Linn.     (Oak.) 

alba,  Linn.     (White  Oak.) 

obtusiloba,  Michx.  (Q.  stellata,  Willd.)   (Post  Oak.)  Upper 
Mississippi,  Dr.  Houghton. 

macrocarpa,  Michx.     (Burr  Oak.) 

bicolor,  Willd.     (Swamp  White  Oak.) 

Prinos,  Linn.     (Swamp  Chestnut  Oak.)  Near  Janesville, 
/.  A.  L. 

rubra,  Linyi.     (Red  Oak.) 

palustris,  Linn.     (Pin  Oak.) 
Fagus,   Tourn.     (Beech.) 

ferruginea,  Ait. 
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CoRTLUS,   Touryi.     (Hazel-Nut.; 

Americana,    Walt. 

rostrata,  Ait.  Lake  Superior  to  Upper  Miss.,  Dr.  Houghton. 
Carpinus,  Linn.     (Hornbeam.) 

Americana,     Miclix. 
OsTRTA,  Miclieli.     (Iron  Wood.) 

Virginica,    Willd. 

MYRICACE^.         (The  Sweet  Gale  Family.) 
Mtrica,  Linn.     (Sweet  Gale.) 

Gale,  Linn.     Lake  Superior,  Dr.  Houghton. 

BETULACE^.         (The  Birch  Family.) 
Betula,  Tourn.     (Birch.) 

papyracea.  Ait.     (Canoe  Birch.) 

pumila,  Linn.     (B.  glandulosa,  Mx.)     (Low  Birch.) 

Alnus,   Tourn.     (Alder.) 

incana,    Willd.      (A.  glauca,  Mx.)     St.  Croix  River,  Dr. 

Houghton. 
serrulata,  Willd. 

SALICACE^.         (The  Willow  Family.) 

Salix,   Tourn.     (Willow.) 

Candida,    Willd. 

tristis,  Ait. 

humilis,  Marshall.     (S.  Mnhlenbergiana,  Barr.) 

discolor,  Muhl. 

eriocephala,  Michx.     (S.  prinoides,  Ph.)    Mauvaise  River, 
Dr.  Houghton. 

sericea,  Marshall.     (S.  grisea,    Willd.) 

rostrata,  liichardson. 

lucida,  Muhl. 

longifolia,  Muhl.     Upper  Mississippi,  Dr.  Houghton. 
POPULUS,   Tourn.     (Poplar.) 

tremuloides,  Michx.     (Quaking  Aspen.) 

grandidentata,  Michx. 

candicans.  Ait.     (Balm  of  Gilead.) 

PLATANACEiE.         (The  Plane-tree  Family.) 
Platanus,  Linn.     (Sycamore,  Button  wood.) 
occidentalis,  Linn. 
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URTICACE^.       (The  Nettle  Family. ) 

Hdmulus,  Linn.     (Hop.) 

LupuUis,  Linn. 
Urtica,  Town.     (Nettle.) 

dioica,  Linn. 

Canadensis,  Linn. 
PiLEA,  Lindl.     (Adike,  Raf.) 

pumila,  Linn. 
Parietaria,  Tourn.     (Pellitoiy.) 

Pennsj'lvanica,  3fuJil. 

CONIFERiE.         (The  Pine  Family.) 

PiNUS,  Tourn.     (Pine.) 

Banksiana,  Lambert.    Upper  Mississippi,  Z)y.  Houghton. 

resinosa,  Ait.     (Red  Pine.) 

rnitis,  Michx.     (Yellow  Pine.)     Dane  County,  L  A.  L. 

Strobus,  Zmn.     (White  Pine.) 
Abies,  Tourn.     (Spruce.) 

balsaraea,  Marsh.     (Balsam  Fir.)     Manitowoc,  I.  A.  L. 

Canadensis,  3Iichx.     (Hemlock.)     Manitowoc,  I.  A.  L. 

nigra,  Poir.    (Black  Spruce.)    Lake  Superior,  Dr.  Houghton. 
Upper  Mississippi,  Prof.  Douglass. 
Larix,  Tourn.     (Larch.) 

Americana,  Michx.     (Tamarack.) 
Cdpressus,  Tour 71. 

th3^oides,  Linn.     (White  Cedar.) 
JuNiPERDS,  Linn.     (Juniper.) 

communis,  Linn. 

Virginiana,  Linn.     (Red  Cedar.) 
Taxus,  Tourn.     (Yew.) 

Canadensis,  Willd. 

ARACE^.         (The  Arum  Family.) 

Arum,  Linn.     (Indian  Turnip.) 

triphyllum,  Linn. 
Calla,  Linn.     (Water  Arum.) 

palustris,  Linn. 
Stmplocarpus,  Salisb.     (Skunk  Cabbage.) 

foetidus,  Salisb. 
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AcoRUS,  Linn.     (Sweet  Flag.) 
calamus,  Linn. 

LEMNACEiE.         (The  Duckweed  Family.) 

Lemna,  Linn.     (Duckweed.) 
minor,  Linn. 
trisulca,  Linn. 

TYPHACE-^.         (The  Cat-Tail  Family.) 

Typha,  Tourn.     (Cat-Tail.) 

latifolia,  Linn. 
Sparganium,  Tourn. 

ramosum,  Hudson. 

NAIDACEiE.         (The  Pondweed  Family.) 

Potamogeton,  Tourn.     (Pondweed.) 
amplifolius,  Tacherman. 
perfoliatus,  Linn. 

compressus,  Linn.     (P.  zosterifolius,  Schum.) 
pauciflorus,  Pursh.     (P.  gramineus,  Mx.) 
pectinatus,  Linn. 

ALISMACEiE.         (The  Water  Plantain  Family.) 

§  1.  Juncaginece. 
Triglochin,  Linn. 

elatum,  Nutt. 
ScHEUCHZERiA,  Linn. 

palustris,  Linn. 

§  2.  AUsmece. 

Alisma,  Linn.     (Water  Plantain.) 

Plantago,  Linn. 
Sagittaria,  Linn. 

sagittifolia,  Linn.     (Arrow  Leaf.) 

IIYDROCARDIACE^E.         (The  Frog's-Bit  Family.) 

Udora,  Nutt.     (Water  Weed.) 

Canadensis,  Nutt. 
Vallisneria,  Mitcheli.     (Tape  Grass.) 

spiralis,  Linn. 
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0RCHIDACEJ2.     (The  Orchis  Family.) 

MiCROSTTLIS,  JSfutt. 

ophioglossoicles,  Nutt. 
LiPARis,  Richards. 

liliifolia,  RicJiards. 

Loeselii,  Richards.     Waukesha,  Mr.  G.  H.  Cornwall. 
CoRALLORHizA,  Holler. 

multiflora,  Nutt.     Waukesha,  Mr.  G.  H.  Cornwall. 
Aplectrum,  Nutt.     (Putty  Root.) 

hyemale,  Nutt. 
Orchis,  Linn. 

spectabilis,  Linn. 
Platanthera,  Richards. 

orbiculata,  Lindl. 

Hookeri,  Liyidl. 

bracteata,  Torr. 

hyperborea,  Lindl. 

leueophaea,  Nutt. 

psy codes,  Gray.     (0.  fimbriata,  Pursh.) 
POGONIA,  Juss. 

ophioglossoicles,  Nutt.     Waukesha,  Mr.  G.  H.  Cormvall. 
Calopogon,  R.  Brown. 

pulchelhis,  R.  Br. 
Spiranthes,  Richards.     (Lady's  Tresses.) 

gracilis,  Bigelow. 

cernua,  Richards. 
GooDYERA,  R.  Broivn. 

pubescens,  R.Brown. 
Cypripedium,  Linn.     (Lady's  Slipper.) 

pubescens,  Willd.     (Yellow  Lady's  Slipper.) 

parviflorum,  Salisb.     (Small  Yellow  Lady's  Slipper.) 

candidum,  Muhl.     (White  Ladj^'s  Slipper.) 

spectabile,  Swartz.     (Moccason  Flower.) 

acaule.  Ait.     (Purple  Lady's  Slipper.) 

AMARYLLIDACE^.     (The  Amaryllis  Family.) 

Hypoxis,  Linn.     (Star  Grass.) 
erecta,  Linn. 
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IRIDACE^.       (The  Iris  Family.) 

Iris,  Linn. 

versicolor,  Linn.     (Blue  Flag.) 

lacustris,  Natt. 
SisYRiNCiiiUM,  Linn,     (Blue-ej-ed  Grass.) 

Bermudianum,  Linn. 

DIOSCORACE^.     (The  Yam  Family.) 

DioscoREA,  Plumier. 
villosa,  Linn. 

SMILACE^.         (The  Green  Brier  Family.) 
§1.  Smilacece. 
Smilax,  Tourn. 

rotundifolia,  Linn.     (Green  Brier). 

herbacea,  Linn. 

lasioneuron.  Hook. 

§2.   Trilliacece. 
Trillium,  Linn. 

cermuim,  imn.     (T.  pendulum,  Muld.') 

grandiflorum,  Salisb. 

nivale,  Riddell. 

recurvatura,  Beck. 

sessile,  Linn. 
Medeola,  Gronov. 

Virginica,  Linn. 

LILIACEtE.       (The  Lily  Family.) 

§1.  Asparagece. 
Asparagus,  Linn. 

ofHcinale,  Linn.     (Introduced.) 
Polygonatum,  Tourn.     (Solomon's  Seal.) 

pubescens,  Parsh. 
Smilacina,  Desf. 

racemosa,  Desf. 

stcllata,  Desf. 

tri folia,  Desf. 

bifolia,  Ker. 
Clintonia,  Raf. 

borealis,  Jiaf. 
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§  3.  AspJiodelece. 

Allium,  Linn.     (Garlic.) 
Caiiadense,  Kalm. 
ceniiium,  Roth. 
tricoccum,  Ait.     (Leek.) 

§  2.  Tulipacece. 

LiLiCM,  Linn.     (Lily.) 

Philadelpbicum,  Linn.     (Orange  Lily.y 

Canadense,  Linn.     (Nodding  Lily.) 
Erythronium,  Linn.     (Dog's  Tooth  Violet.) 

Americanum,  Sinith. 

albidum,  Nutt. 

MELANTHACE^.         (The  Colchicdm  Family.) 

§  1.   Uvnlariece. 
UvuLARiA,  Linn.     (Bell wort.) 

grandiflora,  Smith, 
Streptopus,  Michx. 
rose  us,  Michx. 

§  2.  Melanthiece. 

Zygadenus,  Michx. 

glaucus,  Nutt. 
ToFiELDiA,  Hudson. 

glutinosa,  Willd. 

JUNCACE^.  (The  Eush  Family.) 

LuzuLA,  DC.     (Woodrush.) 

pilosa,  Willd. 

carnpestris.  Linn. 
JuNCDs,  Linn.     (Rush.) 

Balticus,  Willd. 

scirpoides,  Lam.     (T.  polycephalus,  Mx.) 

acurainatis,  Michx. 

tenuis,  Willd. 

PONTEDERIACE^.         (The  Pickerel- Weed  Family.) 
PoNTEDERiA,  Linn.     (Pickerel-Weed.) 
cordata,  Linn. 
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COMMELYNACE^.         (The  Spiderwort  Family.) 
Tradescantia,  Linn.     (Spiderwort.) 
Virginica,  Linn. 

CYPERACE^.         (The  Sedge  Family.) 
Cyperus,  Linn. 

diandrus,  ToiT. 

infiexus,  Mulil.     Bass  Lake,  Dane  Co.  I.  A.  Lapliam. 

strigosus,  Lyin. 

filiculmis,  Vahl.     Upper  Mississippi,  Dr.  Houghton. 
DuLiOHiuM,  Richard. 

spathaeeum,  Pers. 
Eleocharis,  R.  Broiun. 

obtusa,  ScMiUz. 

palustris,  R.  Broivn. 

tennis,  Schnltz. 

aeicularis,  R.  Brown. 
SciRPUS,  Linn. 

pungens,  Vahl,     (S.  triqneter,  Mx.) 

lacnstris,  Linn.     (Bnlrnsh.) 

flnviatilis.  Gray.    (S.  maratimus,  var.  Torr.) 

atrovirens,  Muhl. 

lijieatus,  JSIichx. 

Eriophorum,  Michx. 
Eriophorum,  Linn.     (Cotton  Grass.) 

alpinnm,  Linn.     Lake  Snperior,  Dr.  Houghton. 

vaginatum,  Linn. 

Virginicum,  Linn. 

polystacliynm,  Linn. 

Angnstifolinm,  Richard. 
Carex,  Linn.     (Ledge.) 

aurea,  JVutt. 

anceps,    Willd. 

bronioides,  Schk. 

Bnxbanmii,   WaJd. 

bnllata,  Schk. 

chordorrhiza,  Ehrh. 

coraosa,  Boott. 

Deweyana,  Schw. 

eburnea,  Boott. 
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(Carex) 

festucacea,  SchJc. 

gracilis,  Ehrli.     (C.  disperma,  Deivey.) 

granularis,  Mulil. 

gracillima,  Schiv. 

hystriciaiia,  Willd. 

intermedia,  Good. 

irrigua,  S7nith. 

intumescens,  Rudge. 

laxiflora.  Lam. 

lanuginosa,  31ichx.     (C.  pellita,  Muhl.) 

lacustris,  Willd. 

lupulina,  Muhl. 

longirostris,  Torr.     Blue  Mounds,  I.  A.  Lapham. 

mirabilis,  Deio. 

oligosperma,  Michx. 

polytricboides,  Muhl. 

panicea,  Linn.     (C.  Meadii,  Dew.) 

Pennsylvanica,  Lam. 

pubescens,  Muhl.     Brookfield,  Mr.  M.  Spears. 

rosea,  Schk. 

rigida,  Good.  (C.  saxatilis.)  Lake  Superior,  Dr.  Houghton. 

stipata,  Muhl. 

sparganoides,  Muhl. 

stellulata.  Good. 

straminea,  Schk. 

stricta.  Lam.     (C.  acuta,  Muhl.     C.  angustata,  Boott.) 

teretiuscula.  Good. 

ten  era,  Dew. 

vulpinoidea,  Michx.     (C.  multiflora,  Muhl.) 

GRAMINEiE.       (The  Grass  Family.) 
Leersia,  Solander.     (Wbite  Grass.) 

orj'zoides,  Swartz.     (Cut  Grass.) 

Virginica,  Willd.     (Wbite  Grass.) 
ZizANiA,  Gronov.     (Wild  Rice.) 

aquatica,  Linn. 
Alofecurus,  Linn.     (Fox-tail  Grass.) 

geniculatus,  Linn. 
Phleum,  Linn.     (Timotby.) 

pratense,  Linn. 
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Agrostis,  Linn.     (Bent-grass.) 

scabra,  Willcl.     (Thin  Grass.)     A.  Micliauxii,  Trin.) 

vulgaris,  With.     (Redtop.) 
CiNNA,  Linn. 

arundinacea,  Linn. 
MuHLENBEUGiA,  Schveher. 

glomerata,  Trin.     (Polypogon  racemosa,  Nutt.) 

Mexicana,  Trin.     (Agrostis  lateriflora,  Mx.) 

Wildenovii,  Trin.     (Agrostis  tenuiflora,  Willcl.) 
Brachtelytrum,  Beauv. 

aristatum,  Beauv.     (Muhleubergia  erecta,  Schreb.) 
Calamagrostis,  Adans. 

Canadensis,  Beauv. 
Oryzopsis,  Michx.     (Mountain  Rice.) 

asperifolia,  Michx. 

melanocarpa,  Muhl.     (Piptathernm  nigrum,  Torr.) 
Stipa,  Linn. 

avenacea,  Linn. 
Spartina,  Schreb.     (Cord  Grass.) 

cynosuroides,  Willd. 
BouTELOUA,  Lagasca.     (Atlieropogon,  Muhl.) 

racemosa.  Lag.     (A.  apludoides,  Michx.) 

papillosa.  Gray.     Cassville,  Dr.  Houghton. 
KoELERiA,  Pers. 

cristata,  Pers.     (K.  nitida,  Nutt.) 
Reboulea,  Kunth. 

obtusata,  (Kceleria  truncata,  Torr.) 
Gltceria,  B.  Brown. 

Canadensis,  Trin.     (Poa  Canadensis.) 

nervata,  Trin.     (Poa  nervata,  Willd.) 

fluitans,  R.  Brown. 
PoA,  Linn.     (Meadow  Grass.) 

debilis,  Torr. 

nemoralis,  Linn. 

serotina,  Ehrh. 

trivialis,  Linn 

pratensis,  Linn. 
Eragrostis,  Beauv. 

megastacbya.  Link.     (Poa  eragrostis,  Linn.) 
Festdca,  Linn. 

nutans,  Wdld. 


FOR   THE    ADVANCEMENT    OF    SCIENCE.  57 

Bromus,  Linn.     (Brome  Grass.) 

ciliatus,  Linn. 

purgans,  Linn. 

secalinus,  Linn.     (Chess.) 
Phragmites,  Trin.     (Reed.) 

communis,  Trin. 
Triticum,  Linn.     (Wheat.) 

repens,  Linn.     (Couch-Grass.) 
Eltmus,  Linn.     (Lime-Grass.) 

Virgiuicus,  Linn. 

Canadensis,  Linn. 

glaucifolius,  Muhl. 

striatus,  Willd. 

hystrix,  Linn.     (Bottle-Brush  Grass.) 
HoRDEUM,  Linn.     (Barley.) 

jubatiim,  Linn.     (Squirrel-Tail  Grass.) 
AiRA,  Linn.     (Hair-Grass.) 

Cffispitosa,  Linn. 
Danthonia,  DC.     (Wild-Oat  Grass.) 

spicata,  Beauv. 
AvENA,  Linn.     (Oat.) 

striata,  Michx.     (Trisetum  purpurascens,  Torr.) 
HoLCDS,  Linn.     (Velvet  Grass.) 

lanatus,  Linn.     Upper  Mississippi,  Dr.  Houghton. 
HiERocHLOA,  Gmelin.     (Seneca  Grass.) 

borealis,  Hcem.  &  Sch. 
Milium,  Linn.     (Millet-Grass.) 

effusura,  Linn. 
Panicdm,  Linn.     (Panic  Grass.) 

capillare,  Linn. 

virgatum,  Linn. 

latifolium,  Linn. 

clandestinum,  Linn. 

dichotomum,  Linn. 

pubescens.  Lam. 

crus-galli,  Linn.     (Barn-Yard  Grass.) 

longisetum,  Torr.     Neenah  River,  Prof.  Douglass. 
Setaria,  Beauv. 

glauca,  Beauv. 
Cenchrus,  Linn.     (Burr-Grass.) 

tribuloides,  Linn.     Upper  Mississippi,  Dr.  Houghton. 
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Andropogon,  Linn.     (Beard-Grass.) 

furcatus,  Mulil. 

scoparius,  Michx. 
Sorghum,  Pers. 

nutans.     (Andropogon  nutans,  Linn.) 

EQUISETACE^.         (The  Horse-Tail  Family.) 

Equisetum,  Linn.     (Horse-Tail.) 
arvense,  Linn. 

eburnum,  Sclireb.     Lake  Superior,  Dr.  Torrey. 
sylvaticum,  Linn. 
limosum,  Linn. 

h3'emale,  Linn.     (Scouring  Rush.) 
IfEvigatum,  Braun. 
variegatum,  Schleicher. 

FILICES.         (The  Fern  Family.) 

PoLTPODiDM,  Linn, 

vulgare,  Linn.     Blue  Mounds,  J.  A.  Lapham. 
Struthiopteris,  Willd.     (Ostrich  Fern.) 

Germanica,  Willd.     Lake  Superior,  Dr.  Hovghton. 
Adiantum,  Linn.     (Maiden  Hair.)  • 

pedatum,  Linn. 
Pteris,  Linn.     (Brake.) 

aequilina,  Linn. 

atropurpurea,  Linn. 
Camptosorus,  Link.     (Asplenum,  Linn.) 

rhizophyllus,  IJnk.     (Walking  Leaf.) 
Asplenium,  Linn.     (Spleenwort.) 

thelypteroides,  Michx. 

Filix-femina,  R.  Brown.     (Aspidiuni  asplenoides.) 
Cystopteris,  Bernhardi.     (Bladder  Fern.) 

bulbifera,  BernJi. 
WooDsiA,  R.  Brown. 

ilvensis,  R.  Brown.     Blue  Mounds,  /.  A.  Lapham. 
Dryopteris,  Adans.     (Aspidium,  Linn.)     (Wood  Fern.) 

thely pteris,  Gray. 

cristata,  Gray. 

Goldiana,  Gray. 
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Onoclea,  Linn.     (Sensitive  Fern.) 

sensibilis,  Linn. 
OsMUNDA,  Linn.     (Flowering  Fern.) 

spectabilis,  Willd. 

Clayton iana,  Linn.     (O.  interrupta,  Mx.) 

einnamomea,  Linn. 
BoTRYCHiuM,  Stoartz. 

luiuirioides,  Sw.     (B.  fumarioides,  Willd.) 

Virginicum,  Siu. 

LYCOPODIACE^.         (The  Club-Moss  Family.) 
Lycopodium,  Linn.     (Club-Moss.) 

lucid nlum,  Michx. 

annotinum,  Linn.     Lake  Superior,  Dr.  HougJiton. 

dendroideum,  Michx.    Lake  Superior  to  Upper  Mississippi, 
Dr.  Houghton. 

clavatum,  Linn. 

complanatum,  Linn. 
Selaginella,  Beauv. 

rupestris,  Spring.     (Lj'c.  rupestre,  Linn.)    Blue  Mounds. 

apus,  Spring.     (L.  apodum,  Linn.) 

CHARACE^.         (The  Chara  Family.) 
Chara,  Linn. 

Vulgaris,  Willd.     (Feather-Beds.) 


The  fourth  paper,  communicated  by  Prof.  Agassiz,  in  the  absence 
of  the  author,  is 

A  List   of  the  Fossil  Crinoids   of  Tennessee.     By  Prof.  G. 
Troost,  of  Nashville. 

ECHINrrES. 

Cidarites  Tennessese  7nihi. 
Melonites  raultipora,  Norioood  &  Owen. 

ASTERIAS. 

Asterias  antiqua^  milii. 
AsTRios  Tennessese. 

1 1  described  an  Asterias  under  tliis  name,  whichi  was  publislied  in  1834  in  tlie  Transac- 
tions of  the  Geological  Society  of  Pennsylvania.    Hisinger  publisiied  in  1837  a  descrlp- 
tion  under  the  same  name. 
6 
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CRINOIDEA. 

Campanulites  tessellatus  mihi. 
Catillocrinites  Tennessese. 
Caryocrinites  meconideus. 

hex  agon  us. 

granulatus. 

insculptus. 

globosus. 
Pentremites  pyriformis,  Say. 

Tennessege  mihi. 

florealis,  Say. 

elongatus  var. 

Cherokeus  mihi. 

ReinvvarcUii. 
Cacabocrinites  sculptus. 
Codonocrinites  gracilis. 
Echinoencrinites  fenest-ratus. 
Actinocrinites  moniliformis,  Miller. 

Humboltii  mihi. 

gibbosus. 

Agassizii. 

Urna. 

Naslivillse. 

cornulus. 

Fibula. 

Veineulii.  • 

Mortoni. 
Balanocrinites  sculptus. 
Hetekocrinites  simplex,  Hall. 
Agaricocrinites  tuberosus  mihi. 
CoNOCRiNiTES  tuberculosus  mihi. 

Lese. 
EuCALYPTOCRiNiTES  splcndidus. 
•  ovalis. 

extensus. 

loevis. 

Pliillipsii. 

Goldl'ussii. 

Nashvillse. 
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(  EUC  A  LTPTOCRINITES) 

conicus. 

Tennessese. 

gibbosus. 
GiLBEUTsocRiNiTES  americaiius. 
Cyathocrinites  inflatus. 

stellatus. 

gracilis. 

corrugatus. 

Tennessese. 

planus?  Miller. 

robustus  milii. 

crateriformis. 

globosus. 

depressus. 

tiariieformis. 

sculptus. 

conglobatus. 

Romerii. 
Ze^ecrinites  magnoliseformis. 
Poteriocrinites  municipalis. 
Synbathocrinites  Teunessese. 

granulatus.  • 

CuPELL^CRiNiTEs  Vemeuilu. 

Isevis. 

striatus. 

Buchii. 

magnificus. 

corrugatus. 

stellatus. 

rosseforinis. 

peiitagonalis. 

inflatus.  ^ 

Haplocrinites  hemisphsericus. 

ovalis. 

granulatus. 

maximus. 
Platycrinites  Ann  Dixoni. 

Huntsvillse. 
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(Platvcrinites) 

pol3^clactylus. 

insculptus. 
Donacicrinites  simplex. 
D^monocrinites  cornutus. 

ASTYLOCRINITES. 

Crumen^crinites  ovales  tnihi. 
Agassizocrinites  dactilyformis. 

gracilis. 
Granatocrinites  cidariforrais. 
Olivanites  Vevneuilii. 

globosus. 

There  are  sixteen  new  genera.     The  last  six  are  without  column, 
all  Silurian. 

Prof.  Agassiz,  in  offering  the  above,  remarked  : 
This  is  merely'  a  nominal  list,  so  that  I  have  no  means  of  ascer- 
taining howfar  these  all  are  distinct  species  ;  but  even  upon  the  sup- 
position that,  upon  slight  distinctions,  there  have  been  too  many  dis- 
tinct species  named,  which  upon  final  examination  shall  be  coinl)ined 
again,  it  shows  a  wonderful  development  of  that  form  of  animal 
during  the  silurian  anil  carboniferous  periods  in  the  west ;  and  no 
doubt  a  full  illustration,  with  a  good  description  and  correct  figure  of 
all  these  animals,  would  throw  much  light  upon  a  type  of  the  animal 
kingdom,  of  which  in  the  present  age,  we  have  but  one  dwarfish  and 
one  handsome  species  left,  but  which,  to  the  almost  total  exclusion  of 
other  animals  of  the  class  echinoderms,  once  occupied  the  ancient 
shores  during  the  palteozoic  period.  Here  are  thirty-one  genera 
mentioned,  sixteen  of  which  are  considered  by  Prof.  Troostas  new. 
Here  are  a  great  many  species,  not  less  than  eighty-six  in  number, 
of  which  only  half  a  dozen  are  marked  as  already  described.  Now 
my  friend,  Prof.  Hall,  tells  metliat  this  list,  if  it  is  correct  in  all  its 
parts,  is  greater  than  the  number  of  species,  which  occur  in  the  State 
of  New  York,  and  from  the  species  which  have  already  been  noticed 
publicly,  no  doubt  it  is  as  correct  as  such  lists  can  be  expected  to  be, 
and  a  full  illustration  of  them  would  be  a  great  addition  to  the  stock 
of  our  knowledge  of  fossils.  It  is  the  more  desirable  that  all  these 
fossils  should  be  made  known,  as  the  family  of  crinoids  is  so  reduced 
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in  our  daj^s  that  we  can  form  no  adequate  idea  of  tlie  animals  of 
that  group,  of  their  diversit}^  of  form,  modifications  of  character, 
and  peculiarity  of  position,  from  the  living  type  only. 

The  study  of  fossil  crinoids  in  another  point  of  view  is  highly  im- 
portant. They  were  "first  arranged  among  the  polypi.  They  were 
afterwards  discovered  to  be  star-fishes  provided  with  a  stem,  and 
thus  expanded  our  ideas  of  zoological  relations.  Since  the  num- 
ber of  known  fossil  species  is  increased,  and  the  number  of  forms 
enlarged,  it  is  found  that  these  forms  of  crinoids  of  former  ages 
foretell,  asit  were,  the  diversity  wliicli  this  class  has  undergone  in 
more  recent  periods,  aping  at  earlier  periods  the  forms  of  later  ages, 
their  peculiar  condition  of  existence,  etc.,  so  that  in  every  respect  a 
monograph  would  be  a  highly  valuable  addition  to  our  knowledge; 
and  I  am  happy  to  be  able  to  state  that  Prof.  Troost  is  preparing  a 
monograph  of  all  these  crinoids,  illustrated  by  220  figures.  The 
peculiarities  upon  which  the  new  genera  rest,  no  doubt,  are  modi- 
fications of  structure  unnoticed  before,  as  he  has  placed  the  genera 
described  before  in  such  an  order  as  will  justify  the  supposition, 
that  the  new  types  introduced,  between  them  differ  really  from  the 
others  already  well  known.  There  can  be  no  doubt  that  very  many 
of  these  peculiarities  have  never  been  observed  before. 

Prof.  Hall.  I  would  remark,  that  the  number  of  species  here 
enumerated  (and  I  presume  It  is  correct)  as  being  found  in  Ten- 
nessee, is  greater  than  all  we  yet  know.  In  the  State  of  New 
York,  I  have  ascertained  the  characters  of  something  more  than  40 
species — 27  of  which  are  in  a  single  group,  the  Niagara  limestone. 
In  Tennessee,  I  understand,  the  crinoids  are  extremely  abundant, 
since  Dr.  Roemer  states  that  he  has  been  able  to  collect  some  300 
or  400  good  specimens  in  a  morning,  of  7  or  8  different  species,  in 
localities  which  he  said  he  presumed  no  other  person  had  visited  ; 
and  I  can  therefore  very  readily  believe  that  he  has  observed  very 
many  distinct  species  heretofore  undescribed.  I  presume  that  all 
the  formations  of  New  York  will  not  afford  more  than  60  species — 
27  of  which  have  been  found  in  a  limited  space  not  exceeding  100 
feet  in  thickness.  I  have  seen  8  or  10  species  from  the  west,  en- 
tirely different  from  those  in  New  York.  I  presume,  therefore, 
that  Prof.  Troost  has  not  only  the  number  he  has  enumerated,  but 
perhaps  a  great  many  more.  The  number  of  species  that  were 
known  in  the  State  of  New  York,  previous  to  the  beginning  of  the 
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geological  survey,  did  not  exceed  the  number,  I  believe,  of  4  or  5, 
and  now  we  have  pretty  well  ascertained  some  40  species  ;  and  it 
is  not  surprising  that  at  the  west  there  should  be  a  great  many 
new  species.  Such  a  monograph  as  Prof.  Troost  is  preparing  will 
be  very  valuable.  I  mentioned  the  fact  some  time  since,  that  all 
the  crinoids  in  the  lower  Silurian  rocks,  with  the  exception  of  one 
species,  have  five  pelvic  plates,  and  that  we  never  find  one  with 
three,  or  any  other  number  of  these  plates,  before  we  reach  the 
higher  deposits.  I  have  one,  from  the  upper  part  of  the  Hamilton 
group,  that  has  six  pelvic  plates. 

Prof.  Agassiz.  It  is,  perhaps,  not  sufficiently  appreciated  of 
what  importance,  and  of  what  immense  value,  the  study  of  these 
fossils  may  be  for  the  progress  of  Palaeontology,  and  American 
students  should  be  proud  of  these  materials  by  which  they  will  be 
able  to  throw  so  much  light  upon  these  almost  extinct  families  by 
their  personal  investigations,  which  will  not  only  render  them  inde- 
pendent of  the  palaeontologist  from  abroad  for  information  with 
regard  to  the  succession  of  types,  and  the  full  illustration  of  these 
structures,  but  really- afi"ord  correct  standards  for  comparison.  I 
doubt  whether  the  number  of  crinoid  heads  of  all  species  found  in 
Europe,  now  existing  in  the  museums  of  Europe,  is  one-third  the 
number  of  those  which  Professor  Hall  has  just  mentioned  as  hav- 
ing been  found  one  morning  in  Tennessee,  b}^  a  single  gentleman. 
Now  with  such  materials,  consider  what  precise  and  what  minute 
investigations  could  be  made.  And  if  these  facts  can  be  once  fully 
ascertained  and  well  illustrated,  I  have  no  doubt  that  the  series  of 
crinoids,  and  their  succession  in  former  ages,  will  be  established  from 
American  standards,  and  will  no  longer  rest  upon  the  European  evi- 
dence, which  has  often  been  derived  from  the  examination  of  few 
fragments  of  those  ancient  fossils,  found  in  uncounected  basins  for 
the  most  part,  so  that  their  geological  succession  could  be  ascer- 
tained only  with  great  doubt  and  difficulty.  And  I  venture  to  say, 
that  geologists  who  have  had  auy  opportuuit^^  to  compare  the  posi- 
tion of  the  ancient  rocks  on  this  continent,  with  the  corresponding 
deposits  in  Europe,  will  agree  with  me,  wheu  I  say  that  the  geology 
proper,  the  stratography  of  this  continent,  will  atford  the  same  pre- 
cise and  well  authenticated  standards  for  the  appreciation  of  the 
order  of  succession  of  rocks,  as  fossils  will  for  the  order  of  suc- 
cession of  living  beings  during  the  earliest  period  of  the  history 
of  our  yrlobe. 
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The  fifth  paper  was  offered  by  the  Secretary,  namely — 

A  Plan  for  the  diffusion  of  human  knowledge.  By  Rev. 
RoswELL  Park. 

Prof.  Horsford  stated  that  the  plan  contemplated  the  introduc- 
tion of  uniform  standard  books  for  elementary  and  collegiate  edu- 
cation, and  suggested  the  consideration  of  this  subject  by  the 
Association.  Upon  motion,  the  paper  was  referred  to  the  Stand- 
ing Committee. 

The  sixth  paper  was  as  follows  : 

Correspondence  in  relation  to  the  Altona  Observatory. 

Extracts  from  diplomatic  letters,  relative  to  the  Observatory  of 
Altona,  were  read  to  the  Association,  b}^  B.  A.  Gould,  Jr.,  of  Cam- 
bridge. This  correspondence  had  been  given  by  Mr.  Clayton, 
Secretar}'^  of  State,  to  the  President  of  the  Association,  witli  per- 
mission to  have  it  communicated  to  the  meeting.  Mr.  Gould,  be- 
fore reading  the  papers,  alluded  to  the  gratifying  intelligence  they 
contained,  that  Prof.  Schumacher  would,  in  all  probability,  be 
soon  relieved  from  the  embarrassing  situation  in  which  he  has  been 
placed  for  the  last  two  years,  in  consequence  of  the  unfortunate  hos- 
tilities in  the  Duchies  of  Holstein  and  Schleswig,  in  the  former  of 
which  the  Observatory  is  situated.  That  he  should  be  relieved  as 
speedily  as  possible,  was  a  matter  of  deep  interest,  not  only  to  all 
interested  in  the  progress  of  astronomical  science,  but  to  all  who 
loved  science  at  all,  and  felt  in  its  behalf  grateful  to  one  whose  em- 
inent talents,  profound  learning,  and  unceasing  labors,  had  done  so 
much  to  promote  it.  The  only  purely  astronomical  journal  of  a  high 
order  published  in  the  world,  was  the  Astronomische  Nachrichten 
of  Prof.  Schumacher,  a  journal  which  had  done  more  to  break  away 
the  petty  barriers  of  nationality  in  science,  than  any  thing  else  of 
the  kind.  It  was  the  focus  to  which  the  astronomers  of  the  whole 
civilized  world  sent  their  most  striking  results  for  immediate  publi- 
cation,— the  position  and  character  of  its  editor  enabling  him  to 
serve  as  a  connecting  link  between  the  mathematicians  and  astron- 
omers of  the  several  countries  of  Europe  and  America.  Its  exist- 
ence was  invaluable ;  but  the  distinguished  astronomer  who 
conducts  it  has  been  reduced  to  the  necessity  of  either  suspending 
it  entirely,  or  taking  the  burden  of  its  support  upon  himself. 
Prof.  Schumacher  has  nobly  done  the  latter,  and  not  only  this  ;  ho 
has  borne  the  whole  burden  of  the  Altona  Observatory  also,  an  Ob- 
servatory which  was  founded  for  him,  by  the  liberality  of  the  late 
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kings  of  Denmaik,  and  which  he  has  raised  to  the  reputation  of  an 
Observatory  of  the  first  class. 

The  debt  which  the  whole  astronomical  world  owes  this  illustrious 
scientist  is  too  great  to  allow  the  learned  societies  of  any  countiy  to 
remain  silent  while  he  was  suffering  under  such  embarrassment, — 
and  the  academies  of  science,  and  philosophical  societies  of  all  civil- 
ized countrieshad,  with  one  voice,  protested,  in  the  name  of  science, 
and  urged  their  respective  governments  to  interfere.  Our  own  sci- 
entific institutions  had  represented  the  urgenc}^  of  the  case  to  the 
government  of  the  United  States.  That  government  had  promptly 
responded  to  the  call,  by  addressing  itself  both  to  the  Danish  and 
to  the  Schleswig  Holstein  authorities.  The  papers  which  Mr.  Gould 
was  about  to  read  would  show  the  success  of  this  intervention. 

Extract  from  3Ir.  Bancroft's  Desjyatch  to  the  Secretary  of  State. 
"The  President  has  expressed  his  interest  in  the  safet}^  and  pros- 
perity^ of  the  illustrious  astronomer  Schumacher.  I  have  seen,  on 
the  subject,  the  envoy  of  Germany,  and  a  member  of  the  late  provi- 
sional Government  of  Schleswig  Holstein.  Both  manifested  towards 
me  the  utmost  cordiality  on  the  occasiou,  and  the  latter  authorized 
me  to  say  to  the  President  that  his  friendly  interest  in  the  aflfuirs  of 
the  Altona  Observatory  was  esteemed  an  honor  to  his  country,  and 
that  the  Schleswig  Holstein  Government  had  already  resolved  to 
sustain  the  Observator}^,  and  to  secure  to  Mr.  Schumacher  all  his 
appointments. 

I  remain.  Sir,  sincerel}^  yours, 

(Signed)         George  Bancroft." 

Translation  of  Extracts  from  a  note  addressed  to  the  Baron  of 
Ungern- Steinberg  and  to  Sir  Henry  Wynn,  the  Bussian  and 
English  Ministers  at  Copenhagen. 

"The  Observatory  of  Altona,  established  by  the  regal  munificence 
of  FredericlcIV  and  of  Christian  Vni,  is  placed,  in  cousequence  of 
the  insurrection  which  has  broken  out  in  tlie  Duchies  of  Holstein  and 
Schleswig,  in  a  position  by  no  means  conformable  to  the  intentions  of 
its  august  founder,  nor  compatible  with  the  interests  of  the  scientific 
world, — which  demands  the  preservation  of  an  establishment  that 
has  served,  under  the  learned  direction  of  Mr.  Schumacher,  as  a  cen- 
tre for  great  scientific  enterprises.  You,  sir,  have  supported  these 
interests  in  pressing  upon  the  government  of  the  king  your  good  offi  - 
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ces  in  behalf  of  Mr.  Schumacher  ;  and  in  expressing  the  desire  that 
this  distinguished  astronomer  should  be  maintained  for  life  in  his 
position  as  established  by  king  Christian  VIII. 

"  You  will  not  doubt  the  serious  attention  which  has  been  devoted 
to  this  affair.  In  the  midst  of  the  painful  events  which  afllict  her, 
Denmark  has  always  remained  faithful  to  the  great  scientific  inter- 
ests which  have  been  entrusted  to  her  care.  She  will  show  this, 
too,  in  the  present  circumstances." 

"But  being  deprived  of  the  exercise  of  his  legitimate  authority  in 
the  Duchies,  and  being  unable  to  foresee  the  development  of  the 
future  relations  between  Holstein  and  the  kingdom  of  Denmark, 
properly  so  called,  —  the  government  of  the  king  ought,  doubtless, 
to  feel  a  proper  hesitancy  as  to  continuing  under  such  circumstances 
the  expenditure  of  the  large  sums  necessary  for  maintaining  the 
accustomed  activity  of  Mr.  Schumacher,  without  possessing  in 
return  the  least  guaranty  that  the  ownership  of  the  collections  of  in- 
struments in  the  Observatory  of  Altona  shall  be  preserved  inviolate 
to  the  state.  Upon  the  proposal  of  the  Minister  of  Finance,  the 
Council  of  State  has  resolved,  —  that  the  sum  allowed  for  the  sup- 
port of  the  Observatory  of  Altona,  shall  be  forwarded  to  Mr,  Schu- 
macher, as  soon  as  an  effectual  guaranty  shall  have  been  obtained, — 
that  the  said  collections  of  instruments  used  by  Mr.  Schumacher,  at 
the  expense  of  the  king's  government,  shall  always  remain  the 
property  of  the  state,  and  be  recognized  as  such,  —  or  that  the  value 
of  these  collections  should  be,  at  all  events,  restored  to  the  Danish 
government,  should  the  Altona  Observatory  pass  into  other  hands. 

"  Permit  me,  sir,  to  call  for  your  kind  intervention,  that  such  a 
guaranty  may  be  afforded  the  government  of  the  king,  both  now  and 
hereafter,  in  a  separate  article  of  the  peace  which  shall  be  concluded 
between  Denmark  and  Germany, —  and  have  the  goodness  to  inform 
me  of  the  result  of  the  steps  which  you  shall  judge  proper  to  be 
taken  as  regards  your  government,  for  this  end.     Receive,  etc. 

(Signed,)         Moltke." 

President  Everett  stated  that,  having  had  the  honor  to  act  as  the 
medium  of  communication  between  Prof.  Schumacher  and  the  men 
of  science  of  America  on  this  occasion,  and  to  serve  upon  the  Com- 
mittee which  had  been  raised  on  this  subject  by  the  American  Acad- 
emy of  Arts  and  Sciences,  he  had  received  a  short  time  since  a  letter 
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from  M.  Steen  Bille,  the  Danish  Charge  d'Affaires  at  Washington, 
transmitting  a  copy  of  the  communication  from  the  Danish  Minister 
of  Foreign  Affairs  to  the  English  and  Russian  Ministers  at  Copenhia- 
gen.  As  that  communication  had  just  been  read  by  Mr.  Gould,  Mr. 
Everett  would  onl}^  read  the  short  letter  of  M.  Steen  Bille  accom- 
panying it. 

Having  read  M. Steen  Bille's  letter,  Mr.  Everett  observed,  that 
among  the  late  items  of  intelligence  from  Europe,  it  was  well  known 
that  it  was  stated  that  preliminaries  of  a  treat}'^  had  been  concluded 
between  Denmark  and  the  Duchies.  Of  its  definitive  ratification 
we  had  not  yet  heard  ;  but  he  supposed  there  was  no  doubt  that  it 
would  take  place.  There  was  reason,  therefore,  to  feel  confident 
that,  in  due  time,  a  satisfactory  arrangement  would  be  made  in 
reference  to  Mr.  Schumacher's  position  and  the  Observatory  at 
Altona.  This  was  a  mostgratifying  piece  of  intelligence, inasmuch 
as  the  offer  of  the  Danish  government  was  attended  with  conditions, 
which,  however  reasonable  in  themselves,  it  would  have  been  ex- 
tremely difficult,  while  the  war  lasted,  to  carry  into  effect. 

Prof.  Henry  remarked  that  the  communication  had  been  sent  to 
him  by  the  Secretary  of  State  with  permission  to  lay  it  before  the 
Association,  and  it  had  therefore  been  offered  by  Dr.  Gould,  at  his 
request. 

On  the  Structure  of  Coral  Animals.     By  Prof.  Louis  Agassiz. 

During  an  excursion  in  the  Vineyard  Sound  with  Lieut.  Davis,  in 
one  of  the  Coast  Survey  steamers,  about  six  weeks  ago,  it  was  my 
good  fortune  to  bring  up  in  the  dredge,  from  the  depth  of  72  feet, 
off  Gay  Head,  several  specimens  of  a  coral  with  its  animals,  which 
I  succeeded  in  preserving  alive  for  several  days,  upon  which  I  made 
very  careful  observations,  and  from  which  I  had  drawings  made  of 
the  details  of  its  microscopic  structure.  After  the  investigation 
was  finished,  I  tried  to  preserve  the  animal  some  time  longer,  with 
the  hope  of  presenting  it  for  the  examination  of  my  friends  ;  and 
I  therefore  continued  the  care  I  had  bestowed  upon  it,  changing  the 
sea-water  twice  a  da}'^;  and  it  has  been  my  good  fortune  to  keep 
them  alive  for  the  past  six  weeks  ;  and  I  now  present  3'ou,  in  this 
jar,  live  corals  from  the  coast  of  Massachusetts,  and  which  I  will 
request  you  to  step  forward  and  examine. 

[After  a  few  minutes  examination  of  them,  by  the  audience,  one  of 
the  specimens  being  completely  opened,  with  the  long  and  slender 
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tentacles  of  the  living  inhabitants  entirely  out,  Prof.  A.  proceeded 
with  his  illustration.] 

With  your  permission,  I  will  now  proceed  to  detail  the  structure 
of  this  animal.  The  naturalists  who  have  traced  the  progress  of  our 
knowledge  of  this  class  of  animals  must  be  aware  that  Mr.  James 
Dana,  of  New  Haven,  in  his  illustrations  of  the  Polypi  collected 
during  the  Exploring  Expedition,  has  presented  the  state  of  our 
knowledge  of  this  class,  as  it  has  really  been  obtained  by  all  former 
investigations,  adding  from  his  own  observations,  invaluable  infor- 
mation, and  illustrating  all  the  types  of  this  class  in  a  most  splen- 
did manner,  unsurpassed  by  any  former  observer.  The  travelling 
naturalist  being,  however,  scarcely  ever  in  the  position  of  making 
prolonged  microscopical  observations,  has  left  me  a  chance  for 
gleaning  in  this  field  ;  and  the  fact  that  I  have  had  these  animals 
so  many  weeks  alive  before  me  has  enabled  me  to  add  some  re- 
marks upon  its  microscopic  structure,  which  are  of  some  interest. 
I  will  add,  at  the  outset,  that  these  investigations  have  enabled  me 
to  satisfy  myself  fully  of  the  correctness  of  Mr.  Dana  as  to  his  clas- 
sification of  these  animals.  All  authors  who  have  attempted  to 
classify  the  Polypi,  before  the  publication  of  Mi".  Dana's  work,  dis- 
tinguish the  soft  types,  with  their  varying  forms,  as  a  peculiar 
group,  distinct  from  all  others,  and  then  subdivide  the  coral-build- 
ing Polypi  according  to  their  structure  into  many  subdivisions  ;  no 
one  having  attempted  among  them  what  Cuvier  did  among  the 
Mollusks,  to  bring  together  those  possessing  hard  parts,  and  those 
deprived  of  them,  upon  common  characters  of  structure.  Indeed, 
naked  Polypi  have  always  been  considered  distinct  in  their  struct- 
ure from  those  building  corals  ;  but  Mr,  Dana  in  his  researches, 
assisted  by  Dr.  Wyraan  and  Dr.  Gould,  in  the  examination  of  the 
Actinia,  came  to  the  conclusion  from  what  he  saw  of  these  and  of 
the  coral-building  Polypi,  that  they  must  all  be  brought  into  great 
divisions,  according  to  their  structure  ;  and  he  actually  united  the 
Actinia  with  the  true  Madreporidae. 

I  would  resume  my  observations  upon  this  Astroid  Polyp,  as  it 
belongs  to  the  great  family  of  Astrea,  b}'  saying,  in  one  word,  that 
it  is  a  diminutive  Actinia,  and  that  we  have  all  the  details  of 
structure  which  Actinia  present,  in  a  miniature  form,  in  Astrea. 
My  animal,  however,  belongs  strictly  to  the  genus  Astrangia,  and 
I  would  propose  to  dedicate  the  species  to  the  able  describer  and 
illustrator  of  the  Polypi  of  the  United  States  Exploring  Expedi- 
tion, and  call  it  in  future,  Astrangia  Dance. 


70  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

This  species  presents  two  varieties.  Some  specimens  are  of  a 
pink  or  ros}'  color,  others  are  white.  The  highly  colored  specimens 
are  rather  faded  away,  but  I  shall  circulate  drawings  representing 
these  animals  as  they  appeared  several  weeks  ago  The  general 
form  of  the  animal  is  a  cylinder  (as  of  all  the  Polypi),  resting  up- 
on its  base,  and  expanded  on  the  upper  margin.  Thus  expanded 
it  is  about  two  lines  in  diameter.  The  number  of  tentacles  is  def- 
inite, but  it  is  not  always  the  same  absolute  number.  It  never  ex- 
ceeds 24,  but  in  earlier  periods  of  life  there  are  only  12,  and  there  is 
even  an  epoch  of  life  when  there  are  only  six  ;  which  shows  plainly 
that  the  number  of  tentacles  is  always  a  multiple  of  six.  Seen  from 
above,  these  tentacles  are  placed  in  the  following  position,  which  is 
constant.  Just  in  the  line  of  the  longest  diameter  of  the  mouth, — 
which,  by  the  way,  is  never  circular  in  Pol3-pi,  but  always  oblong, 
thus  introducing  somewhat  of  the  bilateral  symmetry, — just  in  that 
line  are  placed  two  of  the  six  larger  tentacles,  and  at  equal  dis- 
tances, in  a  circle  are  four  more.  This  circle,  containing  six,  is  the 
first  formed.  These  grow  larger  as  the  animal  grows,  and  pi-esently 
anothei'  row  is  introduced,  alternating  with  the  former,  and 
smaller,  making  12  tentacles.  And  finally  a  third  row  alternates 
with  the  others,  thus  constituting  three  rows,  of  gradual!}'  smaller 
tentacles,  24  in  number.  I  have  never  seen  any  grow  be3^ond  this 
number ;  but  I  have  seen  young  ones  forming,  since  I  have  had 
them  in  ray  possession,  and  beginning  with  six  ;  I  have  seen  some 
with  only  12  ;  but  the  greater  part  of  them  have  24.  I  have  never 
seen  anj'^  of  them  pass  into  the  state  in  which  they  have  24,  but  I 
have  occasionally  seen  those  which  at  one  time  had  only  six,  to 
have  afterwards  12  ;  and  I  have  seen  those  which  at  one  time 
had  only  12,  to  have  afterwards  24.  It  is  very  difficult  to  watch 
the  whole  process  of  these  changes,  although  I  have  been  able  to 
ascertain  how  they  take  place,  and  to  determine  the  relative  posi- 
tion of  these  tentacles  to  the  cavity  of  the  body  and  to  the  mouth. 
They  move  slowly  ;  the  motions  resembling  those  of  the  tentacles 
of  the  snails. 

We  have,  below  the  mouth,  a  small  cavit}'',  which  is  shut  under- 
neath b}'  the  contraction  of  its  walls,  and  which,  immediately  be- 
low, expands  into  a  wider  cavity.  The  upper  cavit}'  is  the  stomach. 
In  the  centre  of  it  is  a  large  opening,  which  communicates  with  the 
cavity  below  ;  so  that  the  stomach,  by  the  relaxation  of  its  walls, 
that  is,  of  its  muscular  fibres,  throws  down  its  own  contents  into 
the  general  cavity  of  the  body.    But  during  the  process  of  digestion, 
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when  food  ha,s  been  introduced  into  this  cavit}' — for  I  have  fed  these 
animals  witli  fragments  of  the  animal  of  various  kinds  of  shells,  and 
thus  been  able  to  trace  the  progress  of  digestion — the  mouth  is  shut, 
and  the  stomach  is  equally  shut  below.  During  the  whole  time 
that  digestion  goes  on,  the  stomach  remains  as  a  closed  bag ;  but 
as  soon  as  the  food  has  been  fully  digested,  then  the  lower  hole 
opens,  to  empty  its  contents  into  the  general  eavitj'' ;  but  sometimes 
the  upper  opening  expands  first,  and  the  refuse,  of  hard  particles, 
is  thrown  away.  The  lower  opening  of  the  stomach  is  shut  again 
as  soon  as  the  homogeneous  mass  of  the  digested  food  has  entered 
into  the  wide  cavity  below,  precisely  as  in  Actinia  ;  so  much  so  that 
3'^ou  might  imagine  I  was  describing  such  polyps,  though  I  am  de- 
scribing an  animal  entirely  different  in  its  external  aspect. 

The  general  cavity  of  the  body  presents  the  following  pecnliari- 
ties  :  the  walls  of  the  body  forming  this  cavity  are  provided,  at  the 
inner  margin,  with  partitions  advancing  inside.  These  walls  reach 
as  high  as  the  lower  opening  of  the  stomach,  and  extend  also  to  the 
sides  of  the  stomach,  forming  complete  partitions  between  the 
stomach  and  the  walls  in  the  upper  portion  of  the  animal,  but  only 
half  partitions  in  the  lower  part  of  the  animal ;  so  that  the  partitions 
communicate  with  each  other  in  this  region.  This  cavity  contains 
always  water,  in  greater  or  less  quantities,  which  is  introduced  into 
it  through  the  stomach  chiefly,  and  probably,  also,  through  other 
apertures,  and  it  may  be  through  the  whole  surface  of  the  body,  as 
in  Actinia ;  but  here  I  could  not  satisfy  myself  about  the  facts. 
Through  the  mouth,  then,  a  certain  quantit}'  of  water  is  constantly 
introduced  into  the  body,  which  is  expanded  bj^  this  water.  The 
food,  now  digested,  is  mixed  with  it,  and  so  prepared  for  circulation. 
This  mixture  of  water  and  digested  food  is  set  in  motion  by  the  sur- 
face of  all  these  walls,  and  I  will  now  explain  the  mechanical  appa- 
ratus for  putting  in  motion  all  these  materials.  The  fact  is,  that 
all  the  surfaces,  in  all  these  cavities,  are  provided  with  vibrating 
cilia,  which  establish  at  once  a  regular  circulation  of  the  liquid 
between  the  partitions  and  up  into  the  closed  cavities  above  ;  and 
so  the  food,  diluted  with  water,  is  brought  to  all  parts  of  the  body. 

The  hard  parts  of  the  Polypi  are  formed,  within  the  wall,  in  the 
thickness  of  the  wall  of  the  animal  itself.  The  hard  parts  of  the 
Polj'pi,  Mr.  Dana  has  already  shown  to  us,  are  neither  an  external 
secretion,  nor  an  inner  skeleton.  They  constitute  a  calcareous  de. 
posit  within  the  soft  parts  of  the  animal  itself.  In  order  that  this  may 


72  PROCEEDINGS    OF   THE    AMERICAN    ASSOCIATION 

be  understood,  I  will  now  proceed  to  give  some  illustrations  of  the 
microscopic  structure  of  the  tissue  itself.  If  we  suppose  a  cut  across 
the  wall,  representing  the  thickness  of  the  wall,  we  have  at  the  sur- 
face lining  the  inner  cavity,  a  layer  of  cells.  We  have  also  a  layer 
of  cells  outside.  Now  every  one  of  these  cells  is  a  vibrating  cell, 
the  whole  of  its  margin  being  provided  with  cilia.  If  one  of  these 
cells  is  detached  and  examined  separatel}',  it  is  found  to  be  some- 
thing of  a  bell  form,  flat  outwards,  and  its  whole  margin  provided 
with  vibratory  cilia,  which,  being  put  4n  motion,  cause  the  currents 
of  the  water  in  the  inner  cavities.  A  similar  apparatus  on  the  outer 
surface  of  the  body  determines  the  currents  by  which  the  surround- 
ing water  is  renewed,  and  minute  particles  of  food  are  brought 
around  and  into  the  mouth,  and  thus  into  the  stomach.  Between 
these  internal  and  external  layers  of  cells,  there  are  other  cells  gen- 
erally very  much  elongated  longitudinall}',  and  these  cells  are  the 
muscular  fibres  between  the  two  layers  of  vibrating  cells.  Now  it 
is  only  in  the  lower  portion  of  the  wall,  below  the  layer  of  muscular 
fibres,  and  never  in  its  upper  tubular  parts,  that  the  secretion  of 
limestone  takes  place.  It  consists  of  small  granules  of  limestone, 
accumulating  in  the  base  and  lower  throughout  cellular  part  of  the 
walls  of  the  body,  resembling  in  their  aggregation  stone  walls  com- 
bined in  different  ways.  It  is  thus  by  the  accumulation  of  micro- 
scopic granules  of  limestone,  formed  in  cells,  that  a  regular  wall  of 
limestone  is  produced,  within  the  thickness  of  the  membrane  itself, 
in  its  lower  portion,  and  enclosed  in  it.  Placed  under  the  micro- 
scope, such  a  portion  of  coral  is  seen  to  consist  entirel}'  of  little 
granules,  agglutinated  in  the  same  manner  as  it  is  commonly  seen 
that  limestone  particles  resting  upon  each  other  may  unite. 

In  this  type  it  is  curious  to  see  how  the  growth  takes  place  ;  and  I 
will  now  proceed  to  illustrate  this  point.  If  we  consider  from  the 
outside  the  wall  between  two  inner  partitions,  we  may  detect  a 
new  individual  forming  simply  by  the  projection  of  the  wall  in 
the  shape  of  an  hernia.  By  its  contraction,  the  whole  surface  is 
wrinkled,  and  the  wall,  instead  of  being  straight,  or  smooth,  becomes 
undulated.  One  of  these  prominences,  projecting  more  than  the 
others,  may  remain  as  a  diverticulum,  grow  larger,  and  become  a 
prominent  tubercle.  After  eight  or  ten  hours,  there  is  a  very  visil)le 
tubercle,  of  the  size  of  a  pin's  head,  and  this  is  the  beginning  of  a 
young  polypus.  It  will  increase,  and,  within  forty-eight  hours,  there 
will  be  a  little  opening  forming  at  the  end,  so  that  it  is  beginning  to 
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have  a  cavity.  Upon  the  outside  surface,  then  the  buds  begin  to 
form,  first  as  small  sacks,  and,  after  less  than  seven  days,  I  have 
seeii, —  by  this  process  of  sacking  out,  as  it  were,  of  elongating 
tubercles  —  a  new  polyp  entirely  developed  with  six  tentacles,  but 
without  any  particle  of  solid  matter  in  it.  At  the  beginning  it  is 
entirel}'^  soft,  as  the  Actinia,  forming  a  sort  of  bag  upon  the  side  of 
the  mother  Polyp  ;  this,  however,  takes  place  only  at  the  lovver  part 
of  the  body.  But  these  animals  increase  also  in  another  manner. 
The  membrane  at  the  base  will  expand  beyond  its  usual  limits,  and 
deposit  a  flat  layer  of  calcareous  matter  below,  and  the  membrane, 
thus  started,  will  grow  upwards,  and  form  a  prominent  bag,  which 
finally  opens,  and  gives  rise  to  another  polyp  on  the  side  of  those 
already  developed.  So  that  there  are  two  very  distinct  modes  of 
reproduction  in  these  animals.  I  have  not  been  able  to  trace  how 
the  lateral  soft  buds  assume  solid  parts  afterwards.  It  may  be 
that  they  separate  by  contraction,  and  attach  themselves  at  some 
distant  point,  to  form  a  new  colony,  as  we  know  it  to  be  the  case 
with  Hydra.  Those  which  rise  at  once  from  a  limestone  foundation 
grow  from  the  base  of  the  mother  stem. 

But  this  is  not  the  whole  amount  of  structural  details  which  have 
been  observed  in  these  animals.  I  have  already  mentioned  the  ten- 
tacula  as  presenting  a  sluggish  motion,  and  as  having  vibrating  cilia 
upon  their  surface  to  determine  currents,  by  which  very  minute  par- 
ticles of  food  are  brought  to  their  mouth.  The  structure  of  these 
small  tentacles  is,  however,  so  complicated  as  to  require  further 
illustration,  to  give  a  full, account  of  their  action.  They  are  hollow, 
as  I  have  mentioned,  and  their  inner  surface  is  also  lined  with  vi- 
brating cilia,  which  form  a  kind  of  festoon  all  over  the  inner  surface, 
with  vibrating  fringes  all  the  way  along.  There  are  muscular  fibres, 
longitudinal  as  well  as  circular,  between  the  inner  and  outer  layer 
of  epithelial  cells  ;  but  there  are  upon  the  external  surface,  besides 
the  vibrating  cilia,  peculiar  organs  which  have  been  known  to  exist 
in  other  animals,  but  which  have  never  before  been  observed  in 
corals,  called  nettling  organs.  It  is  very  well  known  that  the  jelly 
fishes,  if  handled,  leave  a  painful  sensation  like  that  of  the  burning 
of  nettles.  It  has  been  ascertained  that  this  nettling  arises  from 
the  action  of  a  peculiar  apparatus,  having  the  form  of  slender  thread 
issuing  from  a  bulb.  Now,  in  this  coral  animal,  almost  the  whole 
surface  of  the  tentacle  is  provided  with  heaps  of  such  nettling  ap- 
paratus, arranged  all  over  the  surface  like  warts,  nearly  in  rows. 


74  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

There  are  hundreds  of  these  warts  upon  one  of  these  tentacles,  and 
if  we  examine  their  structure  under  high  powers,  we  find  that  every 
wart  consists  of  numerous  nettling  cells.  The  whole  structure  of 
these  cells  can  scarcely  be  fully  recognized  bj^  the  best  microscopes 
now  at  our  disposal.  Some  peculiarities  which  I  succeeded  in  see- 
ing one  day,  escaped  my  observation  the  next ;  and  it  was  only  by 
repeated  observations,  after  tr3ing  several  microscopes,  that  I 
satisfied  myself  that  I  had  seen  correct!}'  what  I  shall  noAV  describe. 
Even  some  of  the  microscopes',  considered  among  the  best,  do  not 
reach  the  limits  which  are  required  for  such  investigations.  These 
heaps  of  wartlike  bodies  are  accumulations  of  peculiar  cells,  and 
there  is  in  each  cell  a  thread  coiled  up  in  a  spiral  form.  In  some 
of  them  there  is  a  sort  of  arrow,  with  the  thread  coiled  up  around 
the  arrow.  In  others  we  have  a  cell  of  conical  shape,  and  here 
also  a  thread  coiled  up.  Upon  watching  these  cells  which,  from 
their  contents,  I  could  have  no  doubt  were  the  nettling  cells,  I  have 
been  fortunate  enough  to  see  the  manner  in  which  these  threads 
are  issued  like  a  lasso.  I  have  no  doubt  that  it  is  with  this  appa- 
ratus that  they  sting,  though  I  cannot  sa}'  what  is  the  action  pro- 
duced upon  the  tissues  of  other  animals  to  cause  the  painful  sensations 
they  produce,  as  all  this  apparatus  is  too  minute  to  be  investigated 
in  any  other  way  than  through  high  powers  of  the  microscope,  with 
transmitted  light,  but  the  chemical  operation  of  the  fluid  to  produce 
such  a  sensation  upon  the  skin  cannot  be  discovered  in  this  wa}^ 
The  quickness  with  which  these  animals  kill  others  which  come  in 
contact  with  them,  leaves  no  doubt  that  these  little  microscopic 
cells,  with  these  threads,  are  most  powerful  weapons,  by  which  they 
attack  and  kill  their  prey  almost  instantly. 

How  does  this  thread,  which  is  so  long,  uncoil  and  come  out  from 
the  cavity  of  the  cell  ?'  It  is  as  quick  as  lightning,  and  therefore  the 
more  difficult  to  observe,  as  the  whole  thread,  which  is  12  or  16  times 
longer  than  the  longitudinal  diameter  of  the  original  cell,  is  thrown 
out  in  almost  an  instant.  It  is  here  that  I  reach  the  extreme  limits  of 
the  working  power  of  our  microscopes.  When  the  threads  are  out 
of  the  capsule,  and  entirely  protruded,  we  see  upon  them,  near  the 
empty  cell,  some  indications  of  curious  external  appendages,  which 
have  been  noticed  before.  It  has  been  said,  also,  that  the  thread  is 
twisted  ;  but  there  is  no  such  thing  ;  no  such  thing  at  all.  Not  one 
of  the  threads  of  the  nettling  apparatus  of  the  Polypi  is  twisted.  But 
their  external  surface  when  out,  appears  as  if  furnished  with  a  spiral 
of  minute  hairs,  which  extend  through  the  whole  length  of  the  thread . 
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I  have  actually  succeeded  in  tracing  this  spiral  for  the  whole  length 
of  the  minute  thread,  and  not  simply  upon  their  swollen  Ijase  near 
the  bulb.  We  have  then  a  spiral  line  winding  around  the  wiiole 
length  of  the  nettling  lassos,  and  upon  this  spiral  what  seems  stiff 
hairs.  But  this  thread  is  not  solid  :  it  is  a  hollow  tube,  a  direct 
continuation  of  the  walls  of  the  cell  to  which  it  is  attached.  1  have 
seen  how  this  tube,  which  is  first  coiled  up  in  the  cell,  is  inverted 
lilvc  tlie  finger  of  a  glove  turned  inside  out.  In  observing  the  cells, 
three  times  in  succession,  I  saw  the  thread  thrust  out,  at  first  ap- 
pearing to  turn  with  great  rapidity  upon  itself  within,  and  then, 
after  a  part  had  been  pressed  out,  the  extremit}-  of  the  thread  within 
came  in  sight  and  could  be  traced  as  it  escaped  through  the  whole 
length  of  the  part  already  drawn  out,  until  the  whole  was  extended 
and  the  point  actually  projected  outwards  ;  so  that  this  fine  thread 
is  in  facta  tube,  and  is  finally  turned  inside  out  to  the  ver}' extremity 
of  the  thread.  Now  conceive  what  extraordinary  structure  this  ap- 
paratus must  have  to  allow  of  such  a  motion  !  Our  microscopes 
now  do  not  reach  at  all  the  limits  which  the}'^  should  reach  in  order 
to  enable  us  to  trace  the  structure  by  which  such  phenomena  are 
produced.  I  only  describe  appearances  now  ;  but  it  is  evident  that 
an  apparatus  subservient  to  such  a  purpose,  and  acting  with  such 
rapidity,  cannot  but  be  highly  complicated  in  its  structure,  although 
that  structure  is  so  minute  as  to  escape  our  e3'e,  even  when  armed 
with  the  most  powerful  magnifying  apparatus  of  the  age. 

Now  having  described  the  peculiar  form  of  the  nettling  cells  of 
this  coral-building  animal,  let  me  say  what  I  have  further  seen 
about  it.  The  festooned  head  of  a  tentacle  which  is  hemispherical, 
may,  from  its  termination,  issue  thousands  of  these  lassos  at  once 
so  that  the  summit  of  the  tentacle  is  then  like  a  formidable  wall  of 
peaks  standing  out  in  all  directions,  and  between  them  all  are  then 
vibrating  cells  with  their  myriads  of  cilia  maintaining  currents  of 
water,  the  threads  standing  out  from  their  empty  capsules.  I  can- 
not give  a  description  vivid  enough  to  convey  to  your  minds  the 
idea  of  such  an  apparatus  as  this  presents  when  sent  forth  against 
its  prey.  But  you  will  imagine  how  formidable  must  be  such  an 
apparatus,  when  these  animals  can  reach  out  so  far  be3'ond  their 
apparent  surface,  and  stretch  forth  these  unseen  organs  of  appre- 
hension. These  animals  are,  you  will  at  once  perceive,  to  the 
small  living  beings  around  them,  their  most  dangerous  enemies, 
since  the  radius  of  their  reach  is  so  far  be3'ond  their  apparent 
surface,  owing  to  the  length  of  these  lassos. 
7 
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Having  now  nscertained  that  tliese  lassos  are  thrown  out  by  the 
entire  cell,  and  b}- the  inversion  of  the  thread  itself,  I  would  make 
some  further  comparison  of  this  apparatus  with  other  cells.  It  is 
plain  that  the  lasso-cells  themselves  are  only  a  modification  of  cells 
proper.  They  arise  as  cells  ;  among  those  completely  formed  are 
always  some  not  yet  fully  developed,  which  are  simple  bags,  incapa- 
ble of  unfolding,  and  which  resemble  the  cells  around  so  much  that 
you  have  all  transitions  from  common  cells  to  vibrating  cells,  and 
from  the  vibrating  cells  to  the  cells  with  lassos,  of  the  most  complica- 
ted kinds.  Therefore  we  must  consider  these  lassos  as  cells  ;  and 
the  moment  we  arrive  at  this  conclusion,  we  have  implicitly  shown 
that  single  cells  may  be  highl}'  complicated  organisms, —  cells 
which  are,  under  ordinary  circumstances,  the  simplest  elements  of 
organic  structure  !  We  h"ave,  indeed,  now  in  this  case,  isolated 
cells,  which  are  generally  the  simplest  elements  of  organic  structure, 
presenting  a  complication  of  structure  not  inferior  to  that  of  many 
animals  which  are  considered  as  highly  organized. 

Now  the  vibrating  cells,  with  their  cilia,  have  been  long  known  ; 
but  how  the  cilia  are  formed,  had  not  been  ascertained.  I  may 
state,  that  I  have  seen  in  embryos  of  Crepidula  the  vibrating  cells 
forming  with  their  cilia  still  within  ;  the  cilia  were  not  additional 
productions  formed  upon  the  cells  externally,  but  simply  the  margin 
of  the  external  surface  of  the  cells  themselves,  turned  inside  out, 
like  inverted  sacks.  But  it  is  not  only  in  the  position  described, 
where  these  lassos  and  these  various  appendages  occur,  but  upon  the 
whole  surface  of  the  little  Polypi  we  find  similar  nettling  organs. 
They  occur  upon  the  inner  surface  of  the  wall  of  the  mouth,  also 
scattered  upon  the  whole  outer  surface  of  the  wall  of  the  body  ;  they 
occur  finally  upon  those  cords  which  have  long  been  known  to  exist 
upon  the  inner  margin  of  the  partitions,  the  special  functions  of 
which  we  have,  however,  not  yet  fully  ascertained.  These  cords, 
indeedjConsist  entirelj^of  accumulations  of  cells,  which  are  covered 
with  lassos  of  the  same  diversity  as  those  of  the  tentacles.  There- 
fore I  have  no  doubt,  at  present,  that  the  nettling  apparatus,  these 
so-called  spermatic  cords,  the  spermatic  cells  themselves,  and  vi- 
brating cells  upon  the  surface,  are  only  various  modifications  of 
cells,  showing  how  highly  organized,  how  highly  complicated  this 
simple  element  of  organic  structure  may  be. 

It  is  perhaps  a  matter  of  surprise  that  the  coral  animal  should  have 
been  found  in  this  latitude.  They  teem  in  the  warm  latitude  ;  but 
there  are  very  few  species  in  the  more  temperate  regions,  and  but  for 
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the  opportnnit}' afforded  by  the  Coast  Sui'vey,  the  existence  of  these 
animals  could  not  have  been  suspected  on  these  shores.  For  many 
years,  however,  dead  fragments  had  been  found  along  the  shores  ; 
but  whether  they  lived  there  naturall}'^  or  not,  had  not  been  ascer- 
tained, as  far  as  I  know.  If  I  did  not  fear  to  trespass  longer  upon 
your  time,  I  would  add  a  few  remarks  upon  the  importance,  for  the 
progress  of  zoology,  of  the  facilities  afforded  by  the  liberal  officers 
of  the  Coast  Survey'.  Indeed,  a  few  days  spent  on  board  of  their 
vessels  have  always  afforded  me  more  information  than  years  spent 
in  other  places. 

On  Mosasadrus  and  other  allied  Genera  in  the  United  States. 
Br  Dr.  R.  W.  Gibbes,  of  South  Carolina. 

Dr.  G.  gave  the  history  of  all  remains  of  Mosasaurus  in  the 
United  States,  and  described  three  new  species. 

He  stated  that  Prof.  Agassiz's  investigations  of  the  relics  from 
New  Jersey  had  settled  that  there  was  but  one  species  there.  This 
has  been  called  by  Bronn,  Mosasaurus  Dekayi,  and  is  the  same 
which  Dr.  Morton  called  provisionally  M.  occidentalis. 

The  next  species  was  found  on  the  upper  Missouri,  and  carried 
to  Europe  by  Prince  Maximilian  Neu-Wied,  who  was  travelling  in 
the  United  States.  It  is  in  the  Museum  of  Bonn,  and  has  been 
described  by  Goldfuss  as  M.  Maximiliani. 

Dr.  G.  described  a  small  species  from  Alabama,  which  he  calls 
M.  minor ;  another  from  South  Carolina,  which  he  names  M.  caro- 
liniensis;  and  a  third  from  Georgia,  which  he  calls  after  the  dis- 
coverer, 3f.  Couperi. 

He  then  described  three  genera  of  Mosasauroid  fossils  from  Ala- 
bama and  South  Carolina,  which  he  severally  entitles,  Holcoclus 
columbiensis,  Conosurus  Boiomani,  Amphorosteus  Bramhyi. 

Adjourned. 

E.  N.  HORSFORD,  Secretary. 


Second  Day,  August  15,  1849. 

The  meeting  being  called  to  order  by  the  President,  the  proceed- 
ings of  yesterday  were  read  by  the  Secretary,  Prof.  Horsford. 

Letters  of  invitation  to  the  Association  to  visit  Collections  having 
been  received  from  the  Natural  History  Society  of  Boston,  the  EvSsex 
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Natural  History  Society  of  Salem,  and  Dr.  John  C.Warren,  the 
following  Resolution  was  offered  by  President  Edward  Hitchcock, 
in  behalf  of  the  Standing  Committee ; 

Resolved^  That  the  thanks  of  the  Association  be  presented  to  the 
Natural  History  Society  of  Boston,  to  the  Essex  Natural  Histor}' 
Society  in  Salem,  and  to  Dr.  John  C.  Warren,  for  their  invitation 
to  examine  their  respective  collections  ;  and  that  the  members  of 
the  Association  will  gladly  avail  themselves  of  these  kind  invita- 
tions, as  far  as  their  time  and  opportunities  will  permit. 

An  invitation  was  received  from  President  P^dvtard  Everett 
and  Lady,  to  the  members  of  the  Association  and  their  ladies,  to 
meet  at  his  house  at  half  past  seven  o'clock  this  evening. 

Before  dividing  into  sections,  the  Association  listened  to  the 
reading  of  the  following  paper — 

Upon  the  Prime  Meridian.     By  Lieut.  Charles  H.  Davis. 

The  question  is,  whether,  having  a  National  Observatory,  and 
being  about  to  publish  an  American  Nautical  Almanac,  we  shall 
still  continue  to  count  our  longitude  from  the  meridian  of  Greenwich, 
or  whether  it  is  preferable  for  convenience,  for  accurac}',  or  for 
other  reasons,  to  establish  a  new  Prime  Meridian  on  this  Continent. 

1  will  endeavor  to  treat  this  question  fully,  and  to  present  all  the 
practical  and  scientific  views  in  relation  to  it  of  which  I  am  possessed. 

It  would  undoubtedly  be  for  the  advantage  and  convenience  of 
all  civilized  nations  if  a  general  meridian  were  adopted  b}^  common 
consent ;  if  all  longitudes  were  counted  in  the  same  manner  and 
from  a  single  origin.  The  man  of  business,  the  general  student, 
and,  above  all,  the  navigator,  would  profit  by  this  rule  ;  and  the  man 
of  science  would  also  find  it  beneficial  in  removing  the  necessity 
for  those  allowances  and  calculations  occasioned  by  the  variety  of 
meridians,  and  with  them  a  constant  source  of  error. 

The  Congress  of  the  United  States,  in  a  report  of  one  of  their 
committees  upon  a  proposition  to  make  the  Capitol  the  first  merid- 
ian, evinced  at  an  earl}-  jx'riod  an  enlightened  apprehension  of  the 
benelits  that  would  result  from  the  establishment  of  a  general  meiid- 
ian.  {^Report  of  the  Committee  on  LamherV  s  Memorial^  Jan.  25, 1810.) 

But  it  also  was  fully  aware  how  little  probable  such  an  event  was 
then,  and  there  are  obstacles  in  the  way  of  its  occurrence  now,  which 
render  it  distant  and  doubtful.  It  is  not  to  be  denied  that  our  own 
situation  is,  in  some  respects,  unfavorable  for  originating  sdccess- 
fuUy  such  a  project.  If,  nevertheless,  you  should  agree  with  me,  in 
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thinking  that  the  opinions  which  have  been  entertained  for  a  long 
time  b}'  scientific  and  practical  men  here  and  elsewhere,  should  be 
again  consulted,  I  shall  be  most  happy,  under  your  instructions,  to. 
communicate  on  this  subject  with  European  Astronomers. 

In  the  mean  time  we  are  called  to  decide  upon  a  meridian  for 
present  use.  This  decision  is  the  basis  in  m}'^  work.  Hitherto  we 
have  used  the  English  meridian  of  Greenwich  ;  all  our  geographical 
positions  and  territorial  limits  are  fixed  according  to  tliat,  our 
astronomical  calculations  are  based  upon  it,  our  nautical  charts 
and  books  of  navigation  are  adapted  to  it,  and  our  chronometers 
are  set  to  its  time.  It  has  been  so  raucli  our  general  practice  to 
count  from  this  meridian,  that  it  constitutes  a  part  of  our  familiar 
thought  and  knowledge. 

On  this  account,  and  especially  with  reference  to  the  convenience 
of  our  wide  spread  and  growing  commerce,  a  change  of  the  old 
meridian,  if  necessary,  sliould  be  reconciled,  as  far  as  practicable, 
to  the  wants  and  habits  of  the  country. 

The  scientific  importance  of  assuming,  at  present,  an  American 
meridian  is  undoubted.  So  long  as  we  depend  upon  tliat  from  which 
we  are  separated  by  an  ocean,  our  absolute  longitudes  remain  inde- 
terminate. Such  are  the  difficulties  attending  the  astronomical 
determination  of  this  element,  that  the  greatest  accuracy  attainable 
is  only  an  approximation  to  the  truth  :  varying,  as  observations  or 
computations  are  multiplied,  or  as  new  and  better  methods  and 
values  are  introduced.  There  is  no  place  on  our  coast,  the  longi- 
tude of  which  from  Greenwich  is  so  well  ascertained  as  Boston. 
The  observations  and  computations  made  for  this  purpose  by  the 
late  Dr.  Bowditch,  and  communicated  to  the  American  Academy, 
bear  the  marks  of  his  genius  and  labor.  The  means  of  determi- 
nation have  since  been  greatly  multiplied  —  solar  eclipses,  occulta- 
tions,  and  moon  culminations,  have  been  collected  in  great 
numbers.  The  transportation  of  numerous  chronometers  between 
England  and  Boston  has  afforded  the  materials  of  further  improve- 
ment. Commodore  (now  Admiral)  Owen,  whilst  engaged  in  the 
survey  of  the  Bay  of  Fundy,  carried  his  chronometers  to  Boston, 
adopting  that  as  his  American  first  meridian,  because  it  was  the 
best  determined.  Mr.  Bond,  the  Director  of  the  Observatory  at 
Cambridge,  has  been,  for  several  j'ears,  employed  in  the  service  of 
the  Government,  in  accumulating  all  the  means  of  perfecting  the 
longitude  of  Boston.  Yet  I  am  informed,  that  there  still  exists  an 
uncertainty  in  this  longitude,  notwithstanding  all  the  labor  and 
care  bestowed  upon  it,  to  the  amount  of,  perhaps,  two  seconds  of 
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time.  It  is,  also,  a  pregnant  fact,  worth  mentioning,  that  the 
relative  longitudes,  even  of  the  Greenwich  and  Paris  Observato- 
ries, have  been  recently  changed. 

But  the  uncertainties  arising  from  the  intrinsic  difficulty  of  mak- 
ing absolute  determinations  of  longitude  increase  as  the  place  is 
more  remote,  and  therefore  less  known  or  cared  for.  The  assump- 
tion of  a  new  origin  of  longitude  situated  in  this  country,  will,  to 
a  considerable  extent,  remove  these  uncertainties,  and  save  us  from 
those  fluctuations  in  our  geographical  positions  to  which  we  are  now 
subject.  In  the  magnetic  telegraph,  we  have  a  means  of  determin- 
ing differences  of  meridians,  which  belongs  to  the  highest  order  of 
accuracy.  It  can  be  applied  at  once  wherever  the  wires  now  run. 
An  American  prime  meridian  being  adopted,  this  should  be  done 
as  soon  as  possible.  As  the  use  of  the  telegraph  is  extended,  the 
Interior,  throughout  its  whole  space,  would  be  connected  in  this 
manner  with  the  stations  of  the  Coast  Survey  and  the  National 
Observatory,  and  would  have  the  geographical  positions  of  its  chief 
cities  and  county  towns  permanently  and  unalterably  fixed,  and 
thus  the  foundations  would  be  laid  of  a  correct  geographical  map 
of  the  whole  country. 

In  making  a  change,  however,  that  is  so  radical  with  regard  to 
some  of  our  citizens  and  their  pursuits,  great  consideration  is  to  be 
liad,  I  think,  for  their  practical  wants  and  conveniences.  These  last 
should  be  no  further  sacrificed  than  the  first  demand  of  an  independ- 
ent accuracy  strictly  requires.  Our  navigators,  and  seafaring  people 
generally,  are  chiefly  concerned  in  the  result  of  this  change.  Speak- 
ing a  common  language  with  the  greatest  commercial  nation  of  the 
world,  our  own  vessels  are  constantly  meeting  those  of  Great  Britain 
on  the  highway  of  nations,  and  are  in  the  habit  of  comparing  with 
them  their  longitudes.  From  this  facility  and  frequency  of  inter- 
course they  receive  and  confer  great  benefit,  upon  which  sometimes 
the  safety  of  a  vessel  at  sea  may  depend .  They  are  also  accustomed 
to  employ  British  charts  and  chronometers;  audit  is  very  desir- 
able to  secure  the  greatest  possible  facility  for  their  use,  and  com- 
parison for  the  future,  and  in  every  quarter  of  the  world  ;  throughout 
all  parts  of  which,  our  communication  with  British  ships,  ports,  and 
means  of  navigation  is  intimate  and  habitual. 

For  these  and  similar  reasons,  it  will  be  better  if  our  own  meri- 
dian is  so  situated  as  to  admit  of  an  easy  interchange  with  that  of 
Great  Britain,  particularly  at  sea,  where  intercourse  is  always 
necessarily  brief,  and  frequently,  owingto  cii'cumstancesof  weather, 
distance,  or  haste,  very  difficult. 
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If  the  meridian  of  Wasliington,  wliich,  as  the  capital  of  the 
country,  it  will  first  occur  to  us  to  select,  be  adopted,  it  will  prove 
unsuited  to  these  emergencies.  The  longitude  of  Washington  is  in 
time  about  5h.  Sm.  and  16s.  ;  or  in  space  77°  04'  from  Greenwich. 
These  are  inconvenient  sums  to  add  or  subtract ;  tlieir  application 
is  not  ready  and  easy.  This  meridian  will  also  cause  that  kind  of 
difference  in  the  division  of  our  charts,  the  face  of  our  chronome- 
ters, the  reading  of  our  text-books  of  navigation,  &c.  which  would 
seriously  interfere  with  the  habits  of  our  present,  and  the  wants 
of  our  future  nautical  men.  These,  as  I  have  said,  are  considera- 
tions worthy  of  great  regard. 

I'he  life  of  commerce  subsists  by  the  mutual  interchange  of  rela- 
tions, not  material  only,  but  personal  and  intellectual  also.  These 
relations  are,  in  our  case,  much  more  numerous  and  complex  with 
Great  Britain  than  with  any  other  nation,  ou  account  of  lier  large 
fleets,  her  distant  colonies,  and  our  community  of  s;')eech.  We 
may  omit  to  provide  for  tlie  wants  and  habits  growing  out  of  them, 
but  we  cannot  alter,  indeed  as  a  great  commercial  people  we  do 
not  desire  to  alter,  the  fact  of  their  existence. 

To  avoid  in  some  measure  the  difBculties  and  inconveniences 
already  stated,  and  to  satisfy,  as  far  as  possible,  the  demands  of 
daily  practice,  I  propose  to  establish  an  arbitrary  meridian  at  the 
city  of  New  Orleans,  which  will  be  exactly  six  hours  in  time  and 
ninety  degrees  in  space  from  the  meridian  of  Greenwich.  These 
round  numbers  are  easy  in  their  use  and  application.  They  are 
taken  from  or  added  to  the  headings  of  charts,  the  readings  of 
chronometers,  or  the  values  intlie  astronomical  ephemeris,  witliout 
delay,  and  with  little  danger  of  mistake. 

They  are  also  convenient  for  the  interchange  of  longitudes  at 
sea.  This  meridian  cuts  the  great  valley  of  the  West,  and  ap- 
proaches to  the  central  line  of  our  territory  on  this  side  of  the 
Rock}^  Mountains.  It  passes  nearly  through  the  centre  of  tlie  great 
eastern  slope  of  tlie  continent,  and  enters  the  city  of  New  Orleans, 
the  mart  and  outlet  of  its  products  and  trade.  I  propose  to  call 
it  the  meridian  of  New  Orleans,  in  which  city  a  spot  is  to  be  found 
having  this  suitable  difference  of  meridian  of  six  hours,  or  one 
quarter  of  the  circumference,  from  our  present  standard  meridian 
of  Greenwich. 

This  choice  has  other  recommendations,  which  give  it  the  prefer- 
ence over  Washington.  The  meridian  of  the  latter  cuts  the  seacoast 
between  Cape  Fear  and  Cape  Lookout.     Oar  coasting  vessels  and 
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domestic  packets,  therefore,  in  going  and  returning  l)et\veen  onr 
northern  and  southern  ports  woukl,  if  it  were  taken,  be  subject  to 
the  inconvenience  of  a  change  of  name  in  the  longitude,  which,  as 
is  well  known  to  navigators,  always  involves  a  liability  to  error. 

The  meridian  of  New  Orleans,  on  the  other  hand,  is  so  far  west, 
that  all  the  longitudes  on  the  Atlantic  coast  remain  on  the  same 
side.  It  is  only  on  the  coasts  of  Louisiana,  west  of  New  Orleans 
and  of  Texas  that  they  change.  This  change  takes  place  where  the 
river  Mississippi  empties  its  turbid  waters  into  the  Gulf,  where  na- 
ture has  marked  the  line  by  an  altered  condition  of  the  water,  such  as 
may  be  observed  by  the  careful  seaman  at  some  distance  from  the  land. 

Another  practical  recommendation  to  this  choice  is  this  :  If  New 
Orleans  be  adopted,  then  between  the  American  and  English  meri- 
dians, the  degrees  and  minutes  on  the  chart  will  be  the  complements 
of  each  other.  To  the  westward  of  the  American  meridian,  up  to 
180°,  the  minutes  will  be  the  same,  the  degrees  being  less  by  90°. 
To  the  eastward  of  the  English  meridian  there  is  the  same  advan- 
tage ;  the  number  of  degrees  on  our  part  being  greater  by  ninety, 
up  to  180°  of  the  English  longitude.  Between  the  inferior  meridians 
of  the  two  nations  for  the  space  of  90°,  the  sum  of  the  American 
and  English  longitudes  will  be  equal  to  270°,  but  they  will  be  of 
different  names. 

These  normal  differences  are  easily  remembered,  and  compare 
favorably  with  the  confusion  that  vvill  follow,  if  the  modes  of  reckon- 
ing longitudes  by  the  two  nations  differed  by  so  unmanageable  a 
quantity  as  77°  04'.  The  time  is  not  distant  when  we  shall  have 
published,  under  the  authority  of  the  government,  perfect  charts 
of  our  harbors  and  external  seacoast.  I  trust  also  that  the  da^'  is 
not  far  distant,  when  foreign  charts(improved  by  surveys  made  by 
our  own  officers)  will  be  issued  from  the  bureau  of  Hydrography  of 
the  Navy  Department,  for  the  benefit  of  the  commercial  marine  of 
our  own  and  other  nations.  These  charts  should  be  rendered  as 
serviceable  and  available  as  possible  to  the  whole  maritime  world  ; 
and  this  end  will  be  attained  in  the  manner  pointed  out  above.  What 
is  for  our  own  advantage  will  prove  beneficial  to  otiiers. 

It  may  be  proper  to  observe  here,  that,  although  I  speak  only  of 
the  meridian  of  New  Orleans  as  arbitrary,  yet  all  prime  meridians 
are  essentially  arbitrary.  They  have  been  selected  always  with  a 
sole  reference  to  the  national  convenience.  Some  nations,  as  the 
French,  Portuguese,  and  Dutch,  have  placed  their  prime  meridians 
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out  of  their  own  country,  but  I  need  not  consume  space  by  entering 
into  historical  details  that  are  easily  obtained.  (See  Enc.  as  Pert- 
thensis  and  Britt.,  Art.  Geo. — Good's  Pantalogia,  and  London  Ency., 
Atr.  Meridian. — Delambre's  Hist,  of  Astronomy . — MackayonLong., 
&c.)  The  earl}'  conduct  of  the  French,  however,  in  this  matter,  de- 
,  serves  to  be  mentioned  because  it  contains  some  instructions  for 
ourselves.  By  a  royal  ordinance  of  Louis  XIII.  the  island  of  Ferro 
was  established  as  the  French  first  meridian,  and  Paris  was  as- 
sumed to  be  twenty  degrees  to  the  eastward  of  it.  It  appears  from 
the  memoirs  of  the  Royal  Academy  of  Sciences  of  1742  and  1746, 
that  attempts  were  subsequent!}'  made  to  fix  with  accuracy  the  ex- 
act distance  of  Paris  from  the  island,  notwithstanding  that  no  pre- 
cise spot  on  it  had  been  designated  as  the  origin  of  longitudes,  and 
that  there  was  a  prevailing  ignorance  as  to  the  topography  and 
shape  of  the  island.  The  determinations  by  different  persons  of 
course  varied,  and  this  caused  those  uncertainties  and  fluctuations 
in  the  French  longitudes,  which  led  to  the  final  abandonment  of 
the  assumed  meridian.     We  may  profit  by  this  example. 

Having  decided  to  take  for  our  prime  meridian  that  great  circle  of 
the  earth  which  is  90  degrees  or  6  hours  from  Greenwich,  we  are  to 
keep  to  it  wherever  it  may  fall.  By  means  of  the  Magnetic  Tele- 
graph, the  distance  of  this  circle  from  the  meridian  of  the  National 
Observatory  can  be  determined  with  sufficient  accuracy,  and,  being 
once  determined,  it  is  to  be  regarded  as  fixed  and  permanent.  If 
it  should  be  found  necessary  to  make  any  change  hereafter,  that 
change  will  be  applied  to  the  imaginary  meridian,  and  not  to  the 
meridional  differences  of  other  places  from  Washington,  which  are 
to  remain  always  the  same. 

Tlie  Washington  Observator}'  is  thus  made  the  virtual  standard 
according  to  which  all  values  are  assigned,  and  to  which  all  meri- 
dional differences  are  referred  ;  and  from  which,  also,  all  absolute 
longitudes  are  computed. 

Its  own  distance  from  tlie  six  hour  circle  being  once  ascertained 
by  magnetic  communication,  it  will  be,  in  effect,  for  this  country, 
the  true  origin  of  longitudes. 

It  will  not  be  practically  indispensable  to  distinguish  by  any  visi- 
ble, real  mark  the  meridian  of  New  Orleans,  so  far  as  the  National 
Observatorjns  concerned  ;  for  the  latter,  its  distance  in  time  from  the 
arbitrary  meridian  being  once  assumed,  becomes  the  effectual,  estab- 
lished zero  ;  but  this  mark  will  be  useful  for  reference  in  the  adjacent 


84  PROCEEDINGS    OF    THE    AMEPwICAN    ASSOCIATION 

country,  saving  labor  and  time  in  fixing  longitudes  in  its  vicinity, 
and  its  foundation  appears  to  be  peculiarly  proper  as  a  national 
monument.     The  cost  of  such  a  mark  will  be  but  trifling. 

Thus  the  new  meridian  will  be,  what  its  name  implies,  strictly 
arbitrary.  It  may  be  thought  that  there  are  reasons  of  a  scientific 
character  why  the  National  Observatory  at  Washington  should  be 
selected  as  the  nominal  origin  of  longitude,  on  this  continent. 
Such  is  not  the  case.  Our  National  Observatory  at  Washington 
must  have  existed  a  half  a  century  before  it  will  be  able  to  furnish 
independent  observations  suflacient  for  the  determination  of  a  cor- 
rect theoiy  of  the  moon  or  primary  planets.  But  these  theories  are 
already  calculated  from  the  observations  (begun  long  since  and  un- 
interruptedly continued)  at  the  old,  established  observatories  of 
Europe.  In  preparing  new  tables,  I  shall  avail  myself  of  the 
Washington  observations  to  the  utmost  of  their  utility. 

I  propose,  also,  to  give,  in  the  astronomical  ephemeris,  the  times 
of  transit,  and  the  corresponding  places  of  the  planets,  and  prin- 
cipal fixed  stars,  over  the  meridian  of  Washington. 

Hitherto  I  have  treated  this  question  without  an  express  refer- 
ence to  merely  national  views  and  feelings.  So  far  as  the  subject 
is  merely  scientific,  they  do  not  enter  ;  so  far  as  it  is  practical, 
they  are  of  paramount  importance. 

But  I  am  very  far  from  being  seduced  into  a  forgetful n ess  of  na- 
tional sentiments,  by  the  silly  pretence  that  there  are  or  can  be 
duties  to  science  or  to  humanity,  which  are  at  variance  with  those 
to  country  :  a  notion,  wherever  it  is  held,  that  implies  not  only  a 
want  of  patriotism,  but  of  true  humanity  also.  "Science  knows  no 
distinctions  of  country" — in  its  claim  to  support  and  in  its  exemp- 
tion from  hostilities — in  its  spirit  and  in  its  communions — and  in 
its  highest  aim,  which  is  to  study  the  laws  of  nature,  and  endeavor 
to  make  the  knowledge  of  those  laws  useful  to  mankind. 

But  science,  like  all  objects  of  human  interest  and  pursuit,  is  com- 
pelled to  recognize  the  distinctions  of  countiy  in  the  duties  it  im- 
poses, in  the  means  of  its  progress,  and  in  some  measure  in  its  asso- 
ciations and  the  limits  of  its  operations.  It  prospers  and  is  fostered 
by  those  affections  which  divide  us  into  distinct  families  and  nations, 
at  the  same  time  that  they  preserve  our  relation  to  the  whole  race. 

Being  designed  to  act  within  a  limited  sphere  of  usefulness,  we 
are  happily  supplied  with  a  motive  to  ever}'  dutj'  in  a  correspond- 
ing affection,  which,  if  rightly  elevated  and  directed,  renders  the 
performance  of  that  duty  eas^'  and  agreeable. 
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Feeling  assured  that  it  is  by  laboring  in  the  sphere  assigned  us 
that  we  are  most  likely  to  accomplish  something  that  ma}'  be  bene- 
ficial to  mankind,  and  that  by  making  ourselves  good  citizens  of 
that  State  to  which  our  efforts  are  unavoidably  confined,  we  may 
best  hope  to  prove  useful  citizens  of  the  great  republic  of  letters 
and  science  constituted  by  the  union  of  all  cultivated  people,  I  in- 
dulge a  sentiment  of  American  pride  and  gratification,  that  an- 
other step  has  been  taken  by  the  government  towards  the  promotion 
of  science,  by  the  foundation  of  an  American  Nautical  Almanac. 

Prof.  Bache  moved  that  it  be  referred  to  a  committee  of  mathe- 
matical gentlemen  from  various  parts  of  the  Union,  to  be  appointed 
by  the  President. 

The  Secretary,  in  behalf  of  the  Standing  Committee,  reported 
the  following  Resolution,  which  was  adopted: 

Resolved,  That  the  Association  be  divided  into  two  Sections  ; 
one  to  embrace  General  Physics,  Mathematics,  Chemistry,  Civil 
Engineering,  and  the  applied  sciences  generally  ;  the  other  to  in- 
clude Natural  History,  Geology,  Physiology,  and  Medicine. 

The  order  of  proceedings  having  been  announced  by  the  Secre- 
tar}',  the  meeting  adjourned  to  meet  in  sections. 

E.  N.  HORSFORD,  Sec'y. 


SECTION  OF  NATURAL  HISTORY,  GEOLOGY,  &c. 

This  Section  was  called  to  order  by  Prof.  Agassiz,  and  Prof. 
Henry  D.  Rodgers  was  appointed  to  the  chair  for  the  day,  the 
Section  having  decided  to  choose  its  Chairman  each  day.  Prof. 
C.  B,  Adams  was  elected  Secretary. 

Tlie  papers  before  the  section  were  then  read,  as  follows  : 

The  Zoological  Character  of  Young  Mammalia.      By  Prof. 
Louis  Agassiz. 

Zoologists,  in  their  investigations,  have  constantly  neglected  one 
side  of  their  subject,  which,  when  properly  considered,  will  throw  a 
great  amountofnew  light  on  their  investigations.  Studying  animals, 
in  general,  it  has  been  the  habit  to  investigate  them  in  their  full-grown 
condition,  and  scarcely  ever  to  look  back  for  their  characters  in  ear- 
lier periods  of  life.  Itisonly  amongthe  insects  that  naturalists  have 
collected  facts  as  to  their  metamorphoses  ;  owing,  perhaps,  in  the 
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beginning,  move  to  a  desire  of  securing  particular  specimens  in  a 
proper  condition  for  observation,  than  to  investigate  tlieir  trans- 
formation ;  until  the  interest  awakened  by  the  facts  which  came  to 
notice  in  tliis  way  called  for  some  precise  investigations  upon  the 
subject.  And,  since  that  time,  the  history  of  the  transformations 
of  insects  has  been  studied  very  extensivel3^  In  other  branches 
of  Natural  History,  however,  the  young  animals  have  been  almost 
entirely  neglected.  We  scarcely  ever  find,  in  a  book  on  Natural 
History,  a  hint  as  to  the  difference  which  exists  in  the  young  and 
old.  Perhaps  in  birds  the  color  of  the  young  may  be  noticed  ;  and 
it  is  generally  known  that  the  young  resemble  the  female  more  than 
the  male  ;  but  as  to  precise  investigation  of  the  subject,  we  are  de- 
ficient. But  if  the  early  stages  of  life  have  been  neglected,  there 
is  one  period  in  the  history  of  animals  which  'has  been  thoroughly 
investigated  for  the  last  twenty-five  3'ears,  the  changes  which  take 
place  within  the  egg  itself,  and  which  give  rise  to  the  new  individ- 
ual, have  been  thoroughly  examined,  and  constitute  a  science  b}^  it- 
self,— Embryology  ;  but,  after  the  formation  of  the  new  being,  the 
changes  in  its  form  which  it  passes  through,  up  to  its  full-grown 
condition,  that  point  has  been  neglected  ;  and  that  is  the  point  to 
which  it  is  my  purpose  to  call  your  attention  for  a  few  moments. 

It  was  my  object  to  investigate  this  subject,  on  account  of  my  hav- 
ing been  struck  with  the  deficiency  there  is  on  this  point  in  our 
works.  And  if  I  may  be  allowed  to  make  a  digression  on  tliis  occa- 
sion, let  me  say  that  the  best  rule  for  studentsto  pursue  in  investiga- 
ting, is,  not  to  look  for  the  departments  of  science  where  they  may 
find  the  most  information  to  guide  them  in  their  studies,  but  to  look 
for  adepartment  upon  which  we  have  ascertained  but  little  or  nothing. 
Where  others  have  not  reaped,  there  is  a  rich  field  for  examination, 
and  the  less  there  has  been  done,  the  richer  the  harvest  to  be  expected. 

Now,  proceeding  in  this  investigation,  I  found  tliat  the  young  ani- 
mals, in  almost  all  classes,  difi'er  widely  from  what  they  are  in  tlieir 
full-grown  condition.  I  will  state  at  once  a  few  of  the  results.  For 
instance,  a  young  bat,  or  a  young  bird,  or  a  young  snake,  at  a  certain 
period  of  their  growth  within  the  egg,  resemble  each  other  so  much 
that  I  defy  the  most  able- zoologist  of  our  day  to  distinguish  between 
a  bat  and  a  snake,  or  to  distinguish  between  a  robin  and  a  bat,  or 
to  distinguish  between  a  robin  and  a  snake.  There  is  something  of 
high  significance  in  the  fact  that  there  is  something  common  to  all 
these  animals.  There  is  a  thought  behind  these  material  phenomena 
which  shows  that  they  are  all  combined  under  one  rule,  and  that  they 
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onh'  come,  under  different  laws  of  development,  to  assume,  finally, 
different  shapes,  according  to  the  object  for  which  the}- were  intro- 
duced. The  specimens  which  I  here  submit  to  your  inspection  may 
serve  as  evidence  of  the  correctness  of  what  I  have  just  been  saying. 
Here  are  a  young  bat  taken  from  the  motlier  long  before  it  could  have 
been  born,  a  young  robin  from  the  egg,  upon  which  the  mother  sat 
for  a  week,  and  a  very  young  squirrel ;  I  have  not  been  able  to  pro- 
cure a  snake  at  that  age,  within  the  last  few  davs. 

It  will  be  obvious,  from  a  comparison  of  these  specimens,  that  at  a 
certain  time  in  the  growth  of  these  animals,  if  we  were  to  be  guided 
in  their  classification  by  their  external  appearance  and  by  their  exter- 
nal characters,  we  should  put  them  all  together  into  one  class  ;  and 
that  it  is  only  after  they  have  assumed  their  final  characters  that  we 
find  in  their  structure,  their  mode  of  living,  and  their  habits,  the 
means  of  distinguishing  tliem,  and  grouping  them  according  to  more 
minute  peculiarities,  and  of  recognizing,  finally,  those  general 
characters  upon  which  our  classification  rests. 

Is  there,  however,  any  use  in  studying  these  early  stages?  it  may 
be  asked — as  we  value  too  often  our  investigations  according  to  the 
benefit  we  may  derive  from  them.  I  say,  j-es,  and  a  very  important 
use.  Tlie  investigation  of  these  successive  changes  gives  a  natu- 
ral scale  in  which  we  may  place,  according  to  theirpeculiarities,  any 
tj'^pe  we  find  which  has  not  passed  through  all  the  changes  which 
others  undergo.  If  we  find  a  period  when  the  young  mammalia, 
the  bat  and  the  squirrel,  resemble  in  form  the  bird  and  the  snake, 
and  if  we  find  them,  full  grown,  so  vastly  different  from  each  other, 
as  they  pass  through  successive  changes,  graduall}'  becoming  more 
different,  then  we  have  here  a  gradation  of  transformations,  to  which 
we  are  enabled  always  to  refer  any  type  which  may  remain  at  a 
given  step,  and  assign  to  it  its  proper  position  in  the  gradation. 

My  object  at  present  is  only  to  allude  to  these  common  charac- 
ters of  mammalia,  and  to  show  how  they  ma}'  be  used  to  improve 
and  correct  our  classifications  of  these  animals.  Let  me  first  state 
what  are  some  of  these  remarkable  peculiarities  in  mammalia.  I 
have  named,  for  instance,  the  squirrel  and  the  bat.  When  full 
grown,  or  far  advanced  in  their  development  the}'  look  very  differ- 
ent, especially  in  the  legs  ;  the  bat  having  very  long  fingers,  and  a 
membrane  extending  to  their  very  extremity.  There  is  indeed  in 
the  bata  shoulder,  a  forearm,  a  wrist  with  few  bones,  a  long  thumb, 
besides  four  fingers,  as  is  well  known. 
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Now,  this  arm,  the  bones  of  which  are  united  by  the  membrane 
into  a  winij,  is,  in  tlie  young  animal,  simply  a  fin-like,  short  append- 
age. It  is  nothing  but  a  short  fin,  in  which  the  indentations  of  the 
fingers  are  scarcely  marked.  There  is  in  fact  a  period  when  the 
hand  itself  is  only  a  large  flat  fin,  without  any  distinction  of  fingers 
at  all.  Now  the  development  of  this  hand  consists,  first,  in  a  di- 
vision into  fingers  ;  then  the  fingers  are  elongated  in  the  same  pro- 
portion as  the  arm  itself;  and  finally  that  fin  is  transformed  into  a 
wing.  The  hind  extremity,  at  the  beginning,  consists  also  of  such 
a  little  paddle,  first  without  division,  and  then  with  a  slight  indica- 
tion of  fingers,  and  finally  a  complete  division  into  five  fingers,  with 
their  regular  joints.  So  difiTerent  as  the  hind  foot  is  from  the  fore 
foot  in  the  full  grown  condition,  you  see  how  perfectly  identical  they 
are  in  their  embryonic  condition.  We  may  derive  from  this  fnct  an 
important  lesson  for  our  classification  ;  that  notwithstanding  the 
great  difference  there  is  between  the  bats  and  other  niammalia  in 
their  organs  of  locomotion,  we  might  be  induced  from  their  pecu- 
liarities to  bring  them  togetlier  with  other  animals  from  which  they 
are  now  far  removed,  if  we  were  to  find  that  they  agree  in  other  re- 
spects,— and,  indeed,  this  is  the  case,  for  there  are  no  animals  more 
closely  allied  in  their  structure  than  the  moles  and  other  insecti- 
vorous mammalia  and  the  bats,  so  that  in  the  natural  classification 
we  must  bring  them  together,  disregarding  the  extraordinary  differ- 
ence in  their  organs  of  locomotion. 

The  fact  that  the  fingers  in  the  bat's  wing  remain  united,  far 
from  assigning  these  animals  so  high  a  position  in  the  natural  scale 
of  mammalia,  would,  in  my  opinion,  be  rather  a  reason  for  consid- 
ering them  as  lower  in  their  natural  position  ;  but  I  will  not  take 
up  your  time  with  more  details. 

The  main  object  I  have  in  vievv  is  plain  from  the  few  statements 
which  I  have  made.  In  all  the  mammalia,  of  which  I  have  observed 
the  3'oung,  and  I  may  add  that  I  have  already  found  the  same  uni- 
form structure  of  the  organs  of  locomotion  in  many  of  them,  there 
is  a  period  of  life,  in  which,  whatever  may  be  the  final  form  of 
their  organs  of  locomotion  whatever  maj' be  the  final  difference  be- 
tween the  anterior  and  posterior  extremities,  vertebrated  animals 
have  uniform  legs  in  the  shape  of  little  paddles  or  lins.  This  is  the 
case  with  lizards  as  well  as  birds.  Arobin's  wing  and  a  robin's  leg, 
which  are  so  different  from  a  bat's  wingand  a  bat's  log,  do  not  essen- 
tially differ  when  young  from  the  leg  and  arm  of  a  bat.  Again,  wher- 
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ever  we  observe  combined  fingers  preserving  this  condition,  we  have 
a  decided  indication  that  such  animals  rank  lower  in  the  group  to 
which  they  belong,  than  those  with  distinct  fingers.  This  is  all- 
im[)ortant,  as  we  are  enabled  at  once  to  group  animals  which  are 
otherwise  allied,  in  a  natural  series,  as  soon  as  we  know  whether 
they  have  combined  or  divided  fingers.  Even  the  degree  of  division 
to  which  the  legs  rise  in  their  development  is  a  safe  guide  in  our 
classification.  Look,  for  instance,  at  the  legs  of  dogs  and  cats,  in 
w'hich  the  fingers  are  completely  separated,  and  so  elongated  that  the 
animals  walk  naturally  upon  tiptoe,  and  compare  them  with  tliose 
of  other  Carnivora,  bears,  for  instance,  which  walk  upon  the  whole 
sole  of  the  foot,  and  again  with  those  of  seals  or  bats,  which  remain 
united,  and  constitute  either  fins  or  wings.  There  can  scarcely  be 
any  doubt  that  Carnivora  should  be  arranged  in  such  a  series: 
Pennipedia,  Chiroptera,  Insectivora,  Plantigrada,  Digitigrada. 

We  have  sufficient  other  reasons  to  be  satisfied  that  the  order  of 
arrangement  which  I  assign  them,  according  to  the  development  of 
the  fingers,  is  justified  by  the  state  of  development  of  the  other  organs 
of  the  mammalia,  and  especially  of  their  higher  organs  and  intellect- 
ual faculties  and  instincts.  I  may  add  that  mankind  is  not  excluded 
from  this  connection,  butthat,  in  common  with  other  vertebrata,  we 
are  all  at  one  stage  of  existence  provided  with  paddles  or  fins,  which 
afterwards  are  developed  into  legs  and  arms.  Slight  indications 
of  this  primitive  condition  are  even  observed  in  the  black  race 
throughout  life,  in  the  closer  connection  of  their  fingers. 

Dr.  Hare  made  a  few  remarks  upon  the  mystery  of  the  law  of 
development,  which  seemed  to  be  entirely  distinct  from  any  chemi- 
cal power,  or  from  any  general  law.  There  seemed  to  be  special 
laws  for  every  form. 


The  Vegetable  Character  of  Xanthidicm.     Br  Prof.   Locis 

Agassiz. 

It  is  a  sad  duty  to  be  obliged  to  object  to  views  and  statements  of 
friends  ;  but  those  who  seek  for  truth  above  all,  take  objections  with 
as  much  pleasure  as  additions  to  their  knowledge  ;  because  objec- 
tions, when  founded  in  truth,  are  really  additional  knowledge  acqui- 
red ;  and  I  know  too  well  the  spirit  of  Ehrenberg  to  doubt  that,  if  he 
were  present,  he  would  feel  no  dissatisfaction  at  the  statements  which 
I  am  about  to  make,  though  it  touches  upon  one  of  the  most  sensitive 


90  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

chords  with  liim.  He  was  the  one  who  combined  witli  animals,  and 
introduced  among  the  animalculie  many  living  beings  which,  up  to 
the  time  of  his  investigations,  had  been  considered  as  doubtful,  form- 
ing, as  it  was  supposed,  a  kind  of  intermediate  link  between  ani- 
mals and  vegetables.  These  Infusoria,  as  the}^  are  generally  called 
—  little  beings  found  everywhere  in  the  stagnant  waters — were  con- 
sidered as  somewhat  indeflnite  in  their  real  organization,  until 
Ehrenberg,  basing  his  conclusions  upon  the  most  extensive  investiga- 
tions which  had  ever  been  made  upon  the  subject,  upon  extraordinar}' 
discoveries  in  their  structure,  asserted  that  they  were  ail  decidedly 
of  animal  character,  and  introduced  among  them  many  which  seve- 
ral authors  referred  with  confidence  rather  to  tiie  plants  than  to  ani- 
mals. Now  that  of  which  I  am  to  speak  is  one  of  this  last  class. 
Xanthidium,  however,  was  established  as  a  genus  b}^  Elhrenberg. 

It  is  a  microscopic  body,  found  floating  upon  fresh  water,  consist- 
ingof  a  central  sphere  with  radiating  hooks,  the  points  of  which  are 
bent  like  an  anclior.  These  hooks  are  in  various  numbers  around 
the  central  discs.  These  bodies  allow,  perhaps,  some  doubt  as  to 
their  nature  ;  but  Ehrenberg  asserted  that  he  had  discovered  within 
their  body,  granules  wliich  lie  considered  as  eggs  ;  and  he  described 
several  species.  He  ascertained  even  the  existence  of  these  bodies 
among  fossils,  many  of  which  are  found  in  tripoli  and  various  other 
tertiary  depositee.  Some  of  them  are  even  found  in  opal,  well  pre- 
served, silicified  ;  and  they  have  been  found  also,  by  Dr.  Mantel, 
in  the  clialk  of  England. 

On  the  consideration  of  their  affinities  to  Micrasterias  and  other 
seeming  fresh  water  animals,  Elirenberg  referred  these  curious  be- 
ings, without  doubt,  to  the  family  of  BacillaritB,  and  considered 
them  as  animals.  I  have  been  so  successful  as  to  secure  living  spe- 
cimens of  Xanthidium  from  the  fresh  waters  about  Boston,  which 
settle  the  question,  and  show  that  Eihrenberg  has  been  mistaken,  and 
that  Xanthidium  belong  to  the  vegetable  kingdom,  and  that  what  he 
took  for  an  animal  isonly  a  Sporangium,  the  seed  capsule  of  tills  i)lant. 
In  fresh  water  here  about  Cambridge,  in  Cochituate  Lake,  and  in  va- 
riousotlier  fresh  waters  in  the  vicinity  of  Boston  and  Dedham,  for  ins- 
tance, they  have  bjen  found,  and  I  liave  received  from  several  friends 
specimens  of  this  vegetation,  wliich  consists  of  larger  or  smaller 
masses  of  gelatinous  matter  attached  to  branches  hanging  in  the 
water,  which  grow  to  large  bulky  bodies,  and  assume  various  forms, 
and  upon  which  are  found  in  time,  innumerable  Sporangia,  discoidy 
bodies,  with  hooks  at  the  margin  ;  these  Sporangia  when  first  falling 
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from  the  plant  are  enclosed  in  a  certain  amonnt  of  gelatinous 
matter  ;  and  no  doubt  what  Ehrenberg  has  mistaken  for  eggs,  are 
nothing  but  the  sporse  themselves,  existing  within  these  bags. 

The  structure  of  these  Sporangia  is  interesting  in  itself.  I  will 
make  some  mention  of  what  I  have  observed.  The  wliole  capsule  con- 
sists of  most  beautiful  hexagonal  cells.  These  form  a  pavement  all 
over  the  surface,  while  the  hooks  are  covered  with  elongated  cells, 
and  the  whole  enclosed  in  jell}'^ ;  those  cells  all  over  the  body,  give 
the  whole  the  most  elegant  appearance,  when  seen  under  a  highly 
magnifying  power.  I  have  asked  m3'self  what  might  be  the  use  and 
object  of  this  gelatinous  mass  around  the  Sporangia,  and  all  the  hooks 
which  areattachedtothecavityof  theSporangium  itself.  Ehrenberg 
did  not  notice  this  jelly,  and  indeed  it  is  often  wanting.  It  is  en- 
tirely wanting  in  specimens  which  have  long  been  kept  in  water.  Is 
it  not  very  likely  that  the  gelatinous  cover  facilitates  the  attachment 
of  these  bodies  to  branches  or  leaves,  or  any  body  floating  in  the 
water,  and  that  they  remain  still  more  entangled  in  these  branches, 
by  the  hook,  as  soon  as  this  gelatinous  cover  is  dissolved  in  the  wa- 
ter, and  that  they  are  thus  kept  in  the  places  where  they  are  to  grow  ? 

Prof.  GRAYremarkedthat  a  similar  gelatinous  investment  or  nidus 
is  of  very  com  men  occurrence  in  the  lower  Algae  and  in  Diatoraacese. 
He  remarked  that  the  Xanthidium,  and  the  drawings  now  exliibited 
by  Prof.  Agassiz  looked  very  unlike  the  fructification  of  any  proper 
Algae,  buttheymlglit  be  compassed  with  some  forms  of  Diatomaceae, 
an  ambiguous  group,  which  had  only  recently  made  good  its  claim 
to  admission  into  the  vegetable  kingdom,  and  was  now  sometimes 
appended  to  the  Algae,  and  sometimes  taken  as  a  separate  order. 
He  agreed  with  Prof.  A.  that  Xanthidium,  whatever  its  particular 
nature  might  prove  to  be,  was  of  vegetable  origin,  and  that,  from 
the  drawings  exhibited,  it  was  most  probably  allied  to  the  Sponges. 

Mr.  Mantell  remarked  that  he  had  frequently  examined  these 
bodies  in  England, both  in  a  recent  and  in  a  fossil  state.  They  had 
been  particularly  investigated  b}'^  Mr.  Bowerbank,  who  had,  he 
believed,  arrived  at  the  conclusion  that  they  were  the  gemmules  of 
sponges. 

Prof.  Agassiz  added,  that  when  he  referred  Xanthidium  to 
Algae,  he  did  not  mean  Algae  proper,  but  the  large  group  of  Hy- 
drophytes, including  Algae  and  Sponges. 
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On  Valerianate  of  Morphia  :  A  New  Medicine.     By  Dr.  M. 
Wyman  and  Prof.  E.  N.  Horsford. 

Prof.  Horsford  remarked,  that  at  the  suggestion  of  Dr.  M.  Wy- 
man, he  had  prepared,  several  months  since,  a  quantity'  of  Valerian- 
ate of  Morphia,  a  new  salt.  The  Valerianic  acid  was  made  by  the 
oxidation  of  Fusil  oil, — oneofthe  incidental  products  of  fermenta- 
tion in  the  manufacture  of  alcohol.  This  oxidation  was  effected 
b}^  means  of  bichromate  of  Potassa  and  Sulphuric  acid.  The  acid 
distilled  from  the  solution  was  converted  into  Valerianate  of  Bary  ta? 
and  this  salt,  by  double  decomposition  with  Sulphate  of  Morphia, 
was  resolved  into  Sulphate  of  Baryta,  which  fell  as  an  insoluble 
powder,  and  Valerianate  of  Morphia,  which,  after  filtration  and 
concentration,  cr^-stallized  in  beautiful  forms  of  great  transparenc3\ 

Several  analyses  revealed  the  fact,  that  there  were  two  salts, 
one  of  which  parted  readily  witli  its  water,  efflorescing  upon  ex- 
posure to  the  air,  and  the  other  of  which  was  permanent. 

Dr.  Wyman,  who  had  carefully  observed  the  effect  of  this  medi- 
cine, has  furnished  the  following  communication  : — 

It  is  well  known  to  the  physician  that  Opium,  besides  procuring 
sleep,  allaying  or  entirel}'  removing  pain,  and  suspending  the  mu- 
cous secretions,  also  produces  other  and  undesirable  effects,  which 
materially  diminish  its  usefulness.  Various  attempts  have  been 
nxade  to  prevent  these  efTects,  at  first  by  using  different  solvents 
of  the  drug,  and,  afterwards,  by  separating  the  morphia  from  the 
other  substances  with  which  it  is  combined  ;  usually,  on  account  of 
ihe  greater  solubility  of  these  salts,  in  the  form  of  a  sulphate,  a 
muriate,  or  an  acetate.  Although  the  objectionable  properties  of 
opium  are  diminished  with  most  persons  when  taken  in  these  forms, 
still  there  are  some  who  suffer  as  mucli  from  the  one  as  the  other. 
Neither  is  it  known  that  the  acids  in  the  salts  just  mentioned  have 
any  medicinal  influence  in  themselves  when  so  combined,  or  that 
they  materially  change  the  action  of  the  morphia ;  although  it  is 
so  well  known  that  the  therapeutic  effects  of  Opium  are  very  ma- 
terially changed  by  being  mixed  or  combined  with  other  drugs. 
With  the  hope  that  the  Valerianate  of  Morphia  prepared  by  Prof. 
IIorsford  might  possess  properties  different  from,  and  more  valu- 
able than  the  other  salts  of  Morphia,  it  has  been  submitted  to  trial. 

Ill  small  doses  it  is  found  to  produce  more  quiet  sleep,  and  to  be 
equally  efficacious  in  removing  pain  with  its  equivalent  in  crude 
Opium,  or  the  Salts  of  Morphia.     In  a  case  of  violent  nervous  excite- 
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ment  it  acted  most  favorably,  producing  quiet  and  sleep  after  other 
preparations  bad  failed.  It  bas  been  given  in  a  few  cases  in  wbicb, 
from  constitutional  peculiarity,  a  feverisb  state  ensues,  with  watch- 
fulness and  starting  instead  of  sleep,  or  quiet  reverie.  In  these  the 
sleep  was  not  continuous,  but  the  intervals  of  wakefulness  were 
shorter,  and  the  general  frame  of  mind  more  calm.  The  subsequent 
effects,  headache,  nausea,  and  vomiting,  were  decidedl}^  less  than 
after  an  equivalent  of  the  other  preparations.  Itching  of  the  skin 
and  nose  are  produced  by  the  Valerianate  in  those  individuals  who 
experience  it  after  taking  Morphia  in  other  forms.  One  individual 
who  always  experiences  an  attack  resembling  colic  after  taking 
Opium  or  Morphia  in  any  form,  suffered  from  this  preparation  also. 

In  full  doses,  also,  the  subsequent  effects  are  less.  In  dysentery 
this  has  been  observed  in  a  marked  degree.  The  doses  were  from 
one-third  to  half  a  grain,  repeated  from  eight  to  ten  times  in  twenty- 
four  hours.  The  secretions  were  lessened,  the  evacuations  con- 
trolled, and  the  pain  removed,  with  less  headache,  nausea,  and 
vomiting.  These  are  usually  produced  by  an  equivalent  of  the 
other  salts  of  Morphia.  These  results  obtained  from  a  limited  ex- 
perience with  the  Valerianate  prepared  at  the  Cambridge  Labora- 
tory, warrant  a  more  extended  trial  by  physicians,  that  its  value  as 
a  medicine  may  be  correctly  ascertained. 

The  dose  is  about  one-fourth  that  of  crude  Opium  :  it  is  most  con- 
veniently given  in  the  form  of  a  pill. 

[This  medicine.  Prof.  H.  had  understood,  was  already  manufac- 
tured in  Philadelphia,  and  would  doubtless  be  soon  for  sale  by 
apothecaries  generally.]  , 


On  the  Mastodon  angustidens.      By  Dr.  John  C.  "Warren. 

Dr.  J.  C.  Warren  made  remarks  on  the  existence  of  osseous  re- 
lics of  Mastodon  angustidens  in  the  United  States,  under  the  fol- 
lowing heads : — 

First.  Distinction  of  the  Mastodon  race  into  two  species,  viz. : 
Mastodon  giganteus  and  Mastodon  angustidens  ;  the  former  being 
found  in  North  America,  and  the  latter  in  Europe,  Australia,  and 
South  America. 

Second.  History  of  the  discovery  of  a  tooth,  supposed  to  be  of 
the  Mastodon  longirostris  of  Kaup. 

Third.  Examination  of  this  tooth  and  comparison  of  it  with  that 
of  M.  giganteus  of  the   United    States,  and  of  M.  angustidens  of 
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Europe,  find    proof  adduced  to  show    tliat  it  belongs  to  the  latter 
species. 

Fourth.  That  it  also  nearly  resembles  the  Mastodon  teeth  of 
South  America,  and  probabl_y  belongs  to  the  same  species. 

Fifth.  Minute  detail  of  facts,  intended  to  show  that  it  was  act- 
ually dug  up  in  the  State  of  Maryland. 

Sixth.  That  it  is  a  Miocene  fossil,  like  mau}^  similar  teeth  in 
ELurope,  and  has,  of  course,  a  higher  antiquity  than  relics  of  M. 
giganteus. 

Seventh.  Reasons  why  other  relics  of  the  same  species  have  not 
been  discovered,  and  why  it  is  probable  the}'  will  be  hereafter. 

Dr.  Warken  further  remarked,  that  the  subject  was  one  which  he 
considered  fairly  open  to  investigation,  both  in  relation  to  the  num- 
ber of  species  into  which  the  Mastodon  Family  should  be  divided 
and  as  to  the  probable  existence  of  remains  of  M.  angustidens  in 
this  country;  and  that  he  had  brought  the  subject  before  the  Asso- 
ciation in  the  hope  of  being  aided  by  their  science  in  the  settlement 
of  these  two  questions. 

Prof.  RouGERS  expressed  some  doubt  with  regard  to  the  existence 
of  the  Mastodon  angustidens  in  this  countr}^,  as  but  a  single  tooth  of 
a  single  being  had  yet  been  discovered,  though  the  Miocene  deposits 
of  the  seaboard  country  of  the  United  States  had  been  most  thor- 
oughly probed  ;  while  the  fact  of  this  tooth's  having  twice  crossed 
the  Atlantic,  afforded  room  for  suspecting  that  this  was  not  the  iden- 
tical tooth  discovered,  notwithstanding  the  careful  researches  of 
Dr.  Warren. 

Prof.  Agassiz  stated  that  there  were  sixteen  different  species  of 
Mastodon  described  at  present,  and  that  he  conceived  there  were 
good  reasons  for  distinguishing  more  than  two  species.  They  had 
not,  however,  been  grouped  into  distinct  sections.  He  would  admit 
Dr.  Warren's  statements,  as  showing  conclusively  that  the}'  sliould 
be  divided  into  two  groups,  the  broad-toothed  and  the  narrow- 
toothed  ;  but  at  the  same  time,  he  would  insist  upon  the  propriety 
of  admitting  several  species  in  each  of  these  groups. 

Dr.  Wakren  remarked  that  there  was  great  diversity-  of  opinion  as 
to  the  number  of  Mastodon  species  which  ought  to  be  admitted.  A 
distinction  of  M.  giganteus  into  more  than  twenty  species  liad  been 
proposed,  and  of  M.  angustidens  into  a  number  not  exactly  defined. 
He  was  desirous  that  the  subject  should  be  fully  examined,  and 
would  be  glad  to  find  reasons  for  admitting  a  greater  number  of 
specific  diflferences  than  he  had  yet  been  able  to  discover. 
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Dr.  GiBBES  stated  that  there  was  in  the  South  Carolina  College,  at 
Columbia,  a  fine  specimen  of  a  tooth  of  Mastodon  giganteus,  which 
was  found  in  a  bed  of  Pliocene  marl  in  Darlington  District,  S.  C. 
He  had  also  in  iiis  possession  portions  of  bones  from  similar  deposits 
in  Sumter  District,  S.  C.  Prof.  Tuomey's  investigations  have 
induced  him  to  refer  these  deposits  to  Pliocene,  which  were 
formerly  considered  Miocene. 


On  THE  Isolation  of  Volcanic  Action  in  Hawaii,  or  Volcanoes 
NO  Safety  Valves.     Br  James  D.  Dana. 

The  observations  here  presented,  were  made  during  the  cruise  of 
the  Exploring  Expedition  under  Captain  Wilkes,  and  are  detailed 
with  many  additional  facts  and  a  fuller  exposition,  in  my  Geological 
Report.  The  subject  has  a  wide  bearing  on  geological  theoiy,  and  is 
therefore  brought  forward  for  the  consideration  of  the  Association. 

The  Island  of  Hawaii  has  an  area  of  about  3800  square  miles,  its 
shape  is  triangular,  with  a  western  side  85  geographical  miles  long,  a 
southeast  65  miles,  and  a  northeast  75  miles.  The  Avhole  surface 
of  the  island  pertains  to  the  slopes  of  three  lofty  volcanic  cones  or 
domes  :  One,  Mount  Loa.,  (Mauna  Loa,)  occupying  the  southern  por- 
tion of  the  island,  according  to  the  observations  of  Captain  Wilkes, 
is  13,760  feet  high  ;  another.  Mount  Kea,  constituting  the  northern 
portion,  is  13,950  feet ;  and  Htialcdai,  near  the  middle  of  the  western 
side,  is  about  10,000  feet  in  altitude.  Besides  these  heights,  there 
is  a  single  independent  ridge,  called  Kohala,  on  the  northern  side. 
The  great  plain,  or  intervening  country  between  the  mountains, 
is  about  5000  feet  above  the  sea. 

The  slopes  of  Loa  and  Kea  average  but  6  to  8  degrees  in  inclina- 
tion, and  on  the  southeast  and  east,  the  declivities  of  the  former 
diminish  to  1  J- degrees.  To  conceive  rightly  of  the  island,  the  gra- 
dual even  character  of  these  declivities  should  be  borne  in  mind. 
Loa  is  a  gently  rising  dome  with  a  broad  flat  summit,  and  no  slender 
pointed  cone,  as  a  volcano  is  often  pictured  to  the  fancy.  If  we 
slice  off  from  a  12  inch  globe  a  segment  about  half  a  line  deep,  we 
have  a  good  model  of  its  general  form.  Kea  has  nearly  the  same 
slopes,  but  gradually  rises  to  a  pointed  summit. 

Of  the  three  volcanic  mountains  of  Hawaii,  Mount  Kea  has  been 
long  extinct.  Hualalai  is  still  smoking,  and  was  last  in  eruption 
about  the  yea,v  1800.  Mount  Loa,  as  is  well  known,  is  in  full  and 
vigorous  activity.    Other  cones  are  scattered  in  great  numbers  over 
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the  island,  but  they  are  subordinate  to  one  or  the  other  of  these 
three  great  volcanoes,  and  though  from  100  to  1000  feet  high,  they 
are  but  unevennesses  on  their  sides  or  about  their  bases. 

Mount  Loa  has  at  its  summit  a  large  pit-like  crater.  It  is  some- 
what elliptical  in  shape,  with  its  diameters  13,000  and  8,000  feet, 
and  a  depth  of  784  feet.  There  are  no  thin  walls  around  it  as  about 
Vesuvius;  it  is  like  a  vast  excavation  in  the  wide  summit  plane. 
Through  fissures  in  the  bottom  of  the  pit,  vapors  are  constantl}^ 
rising.  But  at  times  the  action  is  intense,  and  eruptions  take  place. 
On  the  20th  of  June,  1832,  there  was  an  eruption  from  the  summit, 
discharging  on  nearly  every  side  of  the  dome,  and  continuing  in 
progress  for  two  or  three  weeks.  In  January,  1843,  another  erup- 
tion took  place,  upon  which  we  have  observations  of  great  interest, 
by  Messrs.  Coan  and  Andi'ews.  The  lavas  broke  out  at  the  very 
summit  and  flowed  down  the  slopes  in  two  great  streams,  one  west- 
ward towards  Kona,  the  other  northward  to  the  foot  of  Mount  Kea, 
thence  dividing  and  continuing  part  northeastward  towards  Waimea, 
and  part  eastward  towards  Hilo,  this  latter  line  making  a  total 
length  of  25  or  30  miles,  with  an  average  breadth  of  1^  miles. 
For  about  four  weeks  the  eruption  was  unabated  ;  and  after  six 
weeks,  there  was  vehement  action  at  some  points  on  the  line. 

Besides  the  summit  crater  of  Mount  Loa,  there  is  also  the  still 
larger  of  Kilauea,  (pronounced  Kee-low-ay-ah,)  situated  on  the 
southeastern  slopes  of  Mount  Loa,  about  4000  feet  above  the  sea. 
This  is  another  pit-crater,  looking  like  a  vast  quarry  hole  in  the 
rock-built  structures,  and  having  in  a  distant  view  the  horizontally 
stratified  sides  of  a  limestone  gorge.  The  gentle  slopes  of  the 
dome  here  scarcely  vary  from  a  plain.  It  is  an  amphitheatre  of 
rock,  7^  miles  in  circuit,  and  3^  miles  in  its  longer  diameter,  with 
a  depth  of  1000  feet — large  enough,  in  fact,  to  hold  400  such  struc- 
tures as  St.  Peter's  at  Rome.  Conceive  of  a  pit  of  such  a  depth, 
stretching  from  the  Colleges  to  the  centre  of  Boston,  and  embracing 
a  circuit  of  7J- miles,  and  some  impression  will  then  be  hadof  the  vast 
extent  of  this  crater.  The  walls  are  precipitous  bluffs  of  stratified 
igneous  rock,  except  on  the  southeast,  where  there  arc  steep  slopes 
of  decomposed  lava.  650  feet  down,  the  whole  interior  is  skirted 
by  a  gallery  or  plain  called  the  black  ledge,  (be)  which  is  one  to 
three  tiiousand  feet  wide  ;  from  tlie  edge  of  the  galler}'  there  is  a 
second  precipice  (cd) — of  nearly  350  feet,  beneath  which  lies  the 
bottom  plain,  {d  e) — a  broad  area  of  naked  gray  and  black  rock 
and  boiling  pools  of  lava. 
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Transverse  Section  of  Crater. 

In  the  ordinary  state  of  the  volcano,  all  seems  remarkably  quiet. 
The  bottom  plain  is  2^  miles  long,  and  averages  f  of  a  mile  in 
width.  When  on  the  spot,  six  months  after  the  eruption  in  1840, 
there  were  wreaths  of  vapor  rising  from  a  few  parts  of  its  wide  sur- 
face, and  in  three  spots  the  red-hot  lavas  were  in  constant  ebullition. 
One  of  these  lakes  of  lava,  in  the  south  extremity,  measured  1000  by 
1500  feet  in  its  diameters,  nearly  equalling  in  area  the  Boston  Com- 
mon. Over  its  surface,  jets  were  constantl}'  playing,  precisely  like 
jets  over  a  boiling  caldron  of  water ;  yet  larger  in  the  more  viscid 
fluid,  for  they  rose  to  the  height  of  40  to  60  feet.  Standing  on  the 
brink  of  the  crater,  not  a  sound  was  heard  from  the  active  fires  below  ; 
and  when  on  the  black  ledge,  directly  over  the  great  lake,  there  was 
only  the  grum  muttering  of  incessant  ebullition.  Once  in  awhile  the 
lake  boils  over,  and  the  lavas  flow  off"  for  one  or  two  miles  along  the 
bottom  of  the  crater,  spreading  a  layer  of  rock,  5  to  25  feet  thick. 

At  other  times,  Kilauea  is  in  full  ignition  through  the  larger  part 
of  the  whole  interior ;  the  caldrons  are  more  numerous  and  exten- 
sive, and.  there  are  many  spouting  cones  over  the  surface,  and  fre- 
quent detonations  are  heard.  Yet  it  is  still  characterized  by  active 
ebullitions  and  occasional  overflows.  Such  a  scene,  covering  an  area 
more  than  seven  miles  in  circuit,  must  be  terrific  beyond  descrip- 
tion, although  the  "  sea"  be  no  sea,  and  the  "  waves"  but  the 
agitations  of  a  boiling  and  overflowing  fluid. 

In  all  recent  eruptions  of  Kilauea,  the  lava  has  broken  through  fis- 
sures in  the  sides  of  the  mountain  below,  sometimes  appearing  at  the 
ver}'  brink  of  the  pit,  but  oftener  a  few  miles  distant  down  the  slopes, 
and  thence  continuing  towards  the  sea.  Thus  in  1840,  the  lavas 
broke  out  six  miles  from  Kilauea,  and  appeared  along  a  trade  for 
twenty-five  miles,  extending  to  the  coast  village,  Nanawale,  issuing 
from  fissures  all  along  the  route  ;  and  for  the  last  twelve  miles  form  • 
ing  a  continuous  tract  of  lava,  averaging  one  mile  and  a  quarter  in 
width.  Previous  to  the  eruption,  the  lavas  stood  in  Kilauea  350  or 
400  feet  above  their  lower  level  —  (at  the  dotted  line  cf  in  the  pre- 
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ceding  figure)  ;  at  the  outflow,  thej  sunk  at  once  to  the  lower  level, 
Avhicli  has  already'  been  pointed  out  (de.) 

Such  in  brief  are  the  characters  of  the  two  great  craters  of  Mount 
Loa.  At  the  time  of  the  summit  eruption  in  1843,  the  inhabitants 
of  tlie  island  had  no  knowledge  of  the  outbreak,  until  a  glare  of 
light  became  visible  after  the  action  had  begun  ;  and  through  the 
progressof  the  eruption  no  sounds  were  heard  below,  and  no  vibra- 
tions of  the  ground  perceived.  The  mountain  was  rent  for  at  least 
twenty-five  miles,  and  still  not  a  murmur  reached  the  residents  at 
Hilo,  on  the  eastern  shores.  In  the  same  manner,  at  the  eruption 
of  Kilauea,  in  1840,  there  were  no  subterranean  thunderings,  no 
shaking  of  the  island  to  its  centre  ;  only  slight  tremblings  were 
felt  in  the  region  of  the  outbreak.  Thelavas  were  discharged  through 
opened  fissures,  and  flowed  on  with  new  accessions  from  other 
fissures,  and  finall}^  reached  the  sea. 

With  this  concise  statement  of  the  features  and  mode  of  action 
at  Mount  Loa,  I  may  now  remark  intelligibly  on  the  isolation  of 
the  lines  or  conduits  of  volcanic  action. 

a.  The  first  fact  which  I  mention  is  of  very  common  occurrence, 
and  alone  might  hardly  excite  inquir}'.  It  is  this  :  the  boiling  pools 
in  the  bottom  of  Kilauea  show  no  sympathjMii  their  conditions  ;  one 
may  sink  100  feet,  while  another  is  overflowing.  The  smaller  pools 
may  boil  on  at  their  ordinary  level  and  overflow,  when  the  large 
lake,  1000  feet  in  diameter,  has  sunk  100  or  150  feet  below  the 
bottom  plain  of  Kilauea. 

b.  Again  :  Although  the  pit  Kilauea  is  600  to  1000  feet  deep  (the 
depth  varying  with  its  different  phases,)  eruptions,  as  in  1832,  some- 
times take  place  through  the  very  top  of  its  walls,  so  that  the  lavas 
will  at  times  come  to  the  surface  at  the  brink  of  the  pit,  and  flow 
back  down  to  the  black  ledge  ;  and  this,  while  the  great  pools  of  lava 
are  open  hundreds  of  feet  below,  and  in  constant  free  ebullition. 

c.  Again,  at  the  eruption  from  the  summit  of  Mount  Loa,  in  1843, 
when  streams  of  lava  flowed  out  for  twenty-five  miles  in  different 
directions,  and  the  action  continued  for  a  month,  Kilauea  was  boiling 
at  its  usual  rate,  without  the  slightest  disturbance  or  signs  of  change, 
or  appearance  of  sympathy.  It  was  visited  by  Mr.  Wilcox,  of  the 
Missionary  Board,  when  the  eruption  was  in  progress,  and  he  reports 
the  perfect  quiet  and  undisturbed  regularity  in  the  condition  of 
that  crater. 

Is  it  not  a  surprising  fact  that  eruptions  should  take  place  at  an 
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elevation  of  13,760  feet,  when  on  the  slopes  of  the  dome,  sixteen 
miles  distant,  there  is  an  open  vent,  like  Kihiuea,  more  than  three 
miles  in  length,  and  10,000  feet  lower  in  elevation?  "Why  is  there 
no  relief  here  for  the  vast  accnraulation  of  pressure  ?  This  pressure 
when  the  central  conduit  is  filled  to  the  summit,  amounts  to  17,200 
pounds  to  the  square  inch.  How  is  it  that  tlie  wide,  open  passage, 
which  Kilauea  appears  to  present,  affords  no  escape  for  the  im- 
prisoned lavas?  How  is  it  possible,  if  the  two  great  conduits, 
that  of  the  centre  of  Mount  Loa,  and  that  of  Kilauea,  intercom- 
municate— how  is  it  possible  that  the  heavj^  rock  fluid  stands  10,000 
feet  higher  in  one  leg  of  the  syphon  than  in  the  other?  It  is  cer- 
tainly difficult  to  conceive  how  the  ordinary  principles  of  hydro- 
statics can  be  so  set  aside.  From  the  quiet  character  of  the  erup- 
tions, it  is  apparent  that  there  was  no  paroxysmal  elevation  of  the 
lavas  to  the  summit;  it  was  a  slow  and  gradual  result. 

Whatever  mode  of  solving  the  difficulty  be  adopted — and  I  do 
not  propose  to  enter  upon  the  subject  now — one  conclusion  is  evi- 
dent :  that  Volcanoes  are  no  safety  valves  of  the  globe,  although 
often  so  called.  Assuredl}^  if  while  a  vast  gulf  is  open  on  the 
flanks  of  Mount  Loa,  lavas  still  rise,  and  are  poured  out  at  an  ele- 
vation of  10,000  feet  above  it,  Kilauea  is  no  safety-valve  even  to 
the  area  covered  by  the  single  mountain  alone.  If  lavas  may  be 
ejected  from  the  very  lip  of  Kilauea,  while  the  pools  are  still  boil- 
ing within  it  several  hundred  feet  below,  Kilauea,  notwithstanding 
its  extent,  the  size  of  its  great  lakes  of  lava,  and  the  freedom  of 
the  incessant  ebullition,  is  not  a  safety-valve  that  can  protect  its 
immediate  vicinity.  How,  then,  with  so  limited  a  protecting  in- 
fluence, can  it  relieve  from  danger  a.  neighboring  island?  How  can 
the  narrow  conduit  of  a  volcano  relieve  continents  from  the  great 
earthquakes  that  sometimes  traverse  their  whole  extent? 

Volcanoes  are  in  fact  indexes  of  danger  ;  they  point  out  those  por- 
tions of  the  globe  vs^hich  are  most  subject  to  convulsions.  Earth- 
quakes and  eruptions  are  often  allied  results  of  the  same  general 
cause.  As  the  volcano  becomes  more  active,  the  earthquakes  of  the 
region  become  more  frequent ;  and  the  latter  cease  when  quiet  follows 
an  eruption.  This  is  true,  for  the  very  plain  reason  that  the  volcano 
is  the  source  of  danger.  When  it  approaches  extinction,  the  quiet 
isof  longer  and  longer  continuance  ;  and  as  it  dies  out,  a  region  once 
tottering  on  subterranean  fires  may  finally  enjoy  the  firm  stability 
of  lands  that  have  never  been  favored  with  such  "safety-valves." 
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Mai\y  other  considerations  bear  on  this  subject,  but  a  discussion 
of  them  at  this  time  would  lead  to  a  long  dissertation  on  the  na- 
ture of  volcanic  action. 

Mr.  Dana  having  intimated  that  he  was  about  to  present  another 
paper  upon  the  subject  of  volcanoes,  discussion  was  postponed  un- 
til that  paper  should  be  received. 


Prof.  Agassiz  presented  to  the  Association  some  specimens  of 
a  new  species  of  Cyanea  fulva,  (Jelly  fish)  still  living,  and  re- 
marked that  the  nettling  apparatus  was  much  easier  to  examine 
upon  this  species  of  animal  than  upon  the  coral. 


On  the  Fossil  Remains  of  an  Elephant  found  in  Vermont. 
By  Louis  Agassiz. 
Prof.  Agassiz.  bringing  forward  the  tooth  and  tusk,  remarked  that 
the  Mastodon  was  not  the  only  big  beast  about,  and  proceeded  to 
show  that  this  was  not  of  that  species.  The  teeth  did  not  present  the 
mamillated  surface  of  the  Mastodon  teeth,  but  were  flat  and  grooved, 
as  in  the  living  species  of  the  elephant  of  Asia  and  Africa.  It  had 
been  found,  a  few  weeks  ago,  in  the  construction  of  the  Rutland  and 
Burlington  Railroad,  upon  the  slope  of  Mount  Holl}',  one  of  the 
highest  mountains  in  Vermont,  and,  it  was  said,  under  erratic  boul- 
ders. It  was  his  intention  to  examine  the  veiy  place  where  they 
were  found,  as  it  would  be  of  great  importance  to  ascertain  at  what 
period  during  the  diluvial  ages  this  animal  lived.  The  specimens 
had  been  presented  to  the  museum  of  the  Lawrence  Scientific 
School,  by  Mr.  Samuel  Henshaw,  of  Boston.  This  was  the  first  true 
elephant  found  in  a  fossil  state  in  the  Northern  American  States. 
It  Avas  certainly  not  the  same  kind  of  elephant  which  had  been 
found  in  the  Kentuck}'^  cave.  It  was  a  question  whether  this  was 
identical  with  the  fossil  European  elephants  or  not.  He  deeply 
regretted  that  there  were  no  specimens  with  which  he  could  compare 
these  teeth,  but  he  would  venture  from  recollection  to  predict  that 
upon  direct  comi)arison  they  would  be  found  to  differ  from  the 
Europeans,  in  the  same  proportion  that  the  Mastodons  differed.  He 
thought  these  grinding  teeth  had  much  narrower  lamellse,  and  that 
the  tusk  was  much  more  slender.  The  curve  of  the  tusk  was 
scarcel}^  greater  than  in  the  Asiatic  elephant,  while  the  European 
fossil  was  much  more  curved.     It  would  be  well  to  reexamine  all  the 
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species,  in  order  to  ascertain  wliether  there  was  sufficient  evidence 
agreeing  to  distinguish  different  species  in  their  geographical  dis- 
tribution. Materials  were  now  abundant,  and  such  an  examination 
bad  not  been  attended  to  since  the  first  collection  of  loose  materials. 
He  considered  this  a  very  valuable  contribution  to  the  scientific 
school ;  but  he  was  sorry  to  say  that  it  was  in  itself  the  museum, 
which  was  just  beginning  to  be  formed. 

Dr.  Warren  remarked  that  this  discovery  formed  an  epoch  in 
the  palaeontology  of  New  England.  North  River  seemed  to  have 
separated  the  animals  of  New  England  from  those  of  the  continent. 

Pi'of.RoGERS  remarked  that  he  had  already,  several  years  since, 
presented  his  views  to  the  Association  respecting  the  phj'^sical  geog- 
raphy of  this  part  of  the  United  States,  at  the  era  of  the  drift.  He 
had  showed  that  New  England  and  New  Brunswick  constituted  an 
island,  detached  from  the  continent,  like  Great  Britain  at  the  pres- 
ent day.  From  the  researches,  chiefly  of  Mather,  Emmons,  and 
others,  we  must  now  admit  that  there  were  two  drifts.  Up  to  the 
lime  of  the  first,  the  Mastodon  could  not  have  crossed  the  straits. 

The  Section  then  adjourned. 

C.  B.  ADAMS,  Sec'y. 


Second  Day,  Aug.  15,  1849. 

SECTION    OF    GENERAL    PHYSICS,    &C. 

3forning  Sessio7i. 

The  section  of  General  Physics  was  called  to  order  bj'  Prof. 
Henry,  the  President  of  the  Association.  On  motion  of  Lieut. 
Davis,  Prof.  W.  R.  Johnson,  of  "Washington,  was  called  to  the 
chair,  and  B.  A  Gould,  Jr.,  of  Cambridge,  appointed  Secretaiy. 

On  motion  of  Prof.  Peirce,  the  Standing  Committee  of  the  As- 
sociation was  requested  to  arrange  the  business  of  this  section. 

A  paper  was  then  read  bj^  Rev.  Thomas  Hill,  of  Waltham,  upon 
the  Natural  Classification  of  Curves,  founded  upon  circular  coordin- 
ates. Mr.  Hill  remarked  that  these  coordinates,  recently  noticed 
by  Rev.  AV.  Whewell,  were  first  given  b}'  Prof.  Peirce,  in  the  first 
volume  of  his  Curves  and  Functions,  and  still  earlier  used  In-  him 
in  solving  several  questions  in  Gill's  Mathematical  Miscellany. 
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They  were  doubtless  worthy  of  further  investigation,  and  for  tliis 
reason  he  would  invite  the  attentionof  mathematicians  to  the  subject. 
By  circular  coordinates  he  meant  the  length  of  the  radius  of  curva- 
ture,  and  the  angle  which  it  makes  with  a  fixed  direction  ;  that  is,  a 
curve  is  expressed  by  an  equation  between  the  radius  of  curvature 
and  its  direction.  The  remainder  of  this  paper  was  occupied  with 
applications  ofthis  method  to  particular  cui'ves  and  general  problems. 

Prof.  Peirce  followed  with  a  few  remarks  upon  the  subject  of 
this  paper,  and  observed  that  this  system  of  coordinates  had  enabled 
him  to  solve  problems  which  it  was  impossible  to  do  by  the  former 
systems. 

Pi'of.  Caswell,  of  Brown  University,  inquired  whether  this  sys- 
tem possessed  any  peculiar  advantages  in  solving  the  great  prob- 
lems of  nature. 

Prof.  Peirce  replied  that  he  thought  it  especially  useful  in  solv- 
ing all  problems  relating  to  flexible  surfaces. 

The  next  paper  was  read  by  Prof.  Peirce,  on  the  Planetary  Per- 
turbations. 


Comparison  of  the  Results  obtained  in  Geodesy  by  the  Ap- 
plication OF  THE  Theory  of  Least  Squares.  By  Prof  A. 
D.  Bache. 
The  most  elegant  method  of  reducing  the  results  of  a  geodetic 
work  is  by  the  application  of  the  theory  of  least  squares,  and  the 
finish  of  the  results  has  been  held  to  justify  the  great  labor  of  the 
computations  involved.  Bessel's  volume  on  the  survey  of  East  Prus- 
sia is  amodelof  this  kindofwork.  The  real  applicability  of  mathema- 
tical investigations  to  physical  phenomena  is  to  be  tried  by  the  accord- 
ance of  the  several  results  with  observed  facts  and  with  each  other. 
Though  the  mathematical  basis  of  the  theory  of  least  squares  may 
be  undoubted, yet  the  application  of  it  ingeodesy  maybe  questioned 
and  put  to  the  test  of  accordance  in  its  several  results.  A  begin- 
ning of  such  an  investigation,  as  afforded  by  part  of  the  primary  trian- 
gulation  of  the  Coast  Survey,  it  is  my  purpose  now  to  communicate . 
The  first  question  presented  is,  whether  all  the  observations  of  a 
direction  or  of  an  angle  shall  be  allowed  the  same  weight.  In  some 
cases  the  signal  observed  upon  is  well  defined  and  appears  steady  ; 
at  others  it  is  ill  defined  and  apparently  moving  more  or  less  irregu- 
\av\y.     If  the  image  of  the  sun  reflected  by  a  heliotrope  is  used,  it 
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varies  greatly  in  apparent  magnitude.  In  some  cases  which  Avere 
computed,  in  which  the  observations  were  divided  into  two  classes, 
one  containing  only  cases  in  which  the  image  of  the  heliotrope  was 
distinct,  stead}',  or  moderately  so,  and  the  others  in  which  it  was 
large  and  in  motion  in  different  degrees,  the  weights,  which  are  in- 
versel}'  as  the  squares  of  the  probable  errors,  are  as  two  to  one, 
mostly  in  favor  of  the  first  class  of  observations.  Judging,  then, 
by  the  test  of  the  coincidence  with  the  mean,  the  first  observations 
should  be  allowed  nearly  double  the  weiglit  of  the  second. 

But  there  is  anotlier  way  in  which  their  value  may  be  tested,  by 
the  accuracy  with  which  the  angles  derived  from  them  fill  the  tri- 
angles. In  four  cases  which  were  taken  for  illustration,  the  errors 
in  the  sum  of  the  three  angles  of  the  triangles  were  :  From  the  means 
derived  from  the  first  kind  of  observations  alone, — 2". 04, — 0".74, 
— 1''.23,  and  — 0".<S4.  From  the  means  derived  from  the  second 
class  of  observations  alone,— 0".7o,  — 0".o6,— 1".76,— 0".36  ;  the 
second  class  of  observations  actually  filling  the  triangles  better 
than  the  first. 

In  the  quadrilateral  connecting  the  same  four  stations  of  the  tri- 
angulation  at  which  the  observations  first  referred  to  were  made, 
the  side  equations  were  from  the  results  of  the  first  kind,  in  loga- 
rithms 9.8682650=9.8682652,  and  from  those  of  the  second  kind, 
9.8682654=9.8682654:  the  first  presenting  a  contradiction  in  the 
seventh  place  of  the  logarithm  only,  and  the  second  an  entire  agree- 
ment. 

It  appears,  then,  that  the  conditions  of  the  figure  are  at  least  as 
well  fultilled  by  the  observations  of  the  second  class  as  by  those  of 
the  first,  and  that  both  should  be  used  with  the  same  weight,  as 
Bessel  has  alreadj^lone,  in  equating  the  directions.  The  advantage 
of  using  the  mean  of  many  observations,  under  various  circumstan- 
ces likely  to  eliminate  errors  of  lateral  refraction,  which  were  some- 
times greatest  when  the  atmosphere  was  most  clear  was  pointed  out. 

The  probable  errorof  one  measureof  an  angle  with  the  thirty-inch 
theodolite  of  the  Coast  Survey,  was  next  investigated,  and  shown  to 
be  quite  uniformly  1".3,  this  including  both  the  error  of  position  and 
error  of  pointing  and  reading.  The  corresponding  error  with  the 
fifteen  inch  theodolite  used  in  the  Prussian  survey,  was  given  by 
Bessel  as  1"82,  giving  vveights  in  the  proportion  of  two  to  one.  The 
telescopes  are  in  length  nearly  in  the  proportion  of  fortj'-four  to  nine 
teen  and  a  half.     The  result,  it  was  remarked,  was  so  far  favora- 
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ble  to  the  use  of  the  instruments  of  the  greater  power,  notwith- 
standing some  of  their  inconveniences. 

In  deducing  from  the  observations  at  five  stations,  the  probable 
error  of  observation,  using  all  the  observations,  generally  not  less 
than  thirty  in  number,  on  each  of  six  angles,  considering  them  as 
belonging  to  the  same  series,  the  probable  error  was  found  to  be 
about  ±0''.22  for  an  angle.  This  result,  it  was  remarked,  covered 
or  concealed  a  residual  error,  which  in  the  method  of  observing 
where  the  position  of  the  theodolite  was  changed  at  each  observa- 
tion, was  combined  with  the  actual  error  of  pointing  and  reading. 
Where  several  observations  are  made  in  one  position,  these  errors  are 
readily  separable.  This  error  of  position  was  shown  from  the  thirty 
inch  theodolite  to  be  about  0".17,  as  affecting  the  mean  value  of  a 
measured  angle.  The  probable  error  of  an  angle  deduced  from  the 
mean  of  the  several  positions  and  observations,  is  zb  0".27.  These 
numbers  would,  no  doubt,  be  subject  to  modification  by  increasing 
the  number  of  cases  examined,  but  were  not  inateriall}'  in  error. 
They  give  for  the  probable  error  in  the  sum  of  three  angles  of  a 
triangle  ±  0".47.  Tliis  result  of  the  theor^^  may  now  be  compared 
with  that  furnished  by  the  corrections  shovvn  to  be  required  in  the 
triangles  composing  the  primary  series.  Nineteen  of  these  give  for 
the  mean  error  in  one  triangle,  disregarding  signs,  0". 84,  or  nearly 
twice  the  probable  errors  deduced  from  the  discrepancy  of  observa- 
tions from  the  mean.  The  results  again  disagree,  displaying  a 
residual  error  equal  to  one  and  one- fourth  times  the  error  deter- 
mined by  the  first  mode  of  investigation. 

The  next  comparison  made  was  that  of  the  errors  in  nineteen  tri- 
angles, as  furnished  by  the  me4;liod  of  least  squares,  and  as  derived 
from  the  measured  angles  in  which  a  simple  mean  was  taken  with 
some  not  very  important  corrections.  The  sum  of  the  corrections  in 
the  first  case,  without  regard  to  signs,  was  14".195,  the  mean  being 
0".747  ;  in  the  second  case  the  corresponding  sura  was  11". 66,  and 
the  mean  0".6l  ;  the  latter  measures  fulfilling  the  conditions  of  the 
figure  better  than  the  former.  Of  the  corrections  presented  by  the 
theory  of  least  squares,  eight  had  a  positive,  and  eleven  a  negative 
sign,  and  the  mean  taken  with  regard  to  signs  was  — 0  '.249.  By  the 
other  method,  nine  of  the  corrections  had  a  positive  and  ten  a  neg- 
ative sign,  and  the  residual  error  was — 0".16;  so  that  in  every 
respect  the  second  series  was  superior  to  the  first. 

These  results  did  not  depend  upon  too  small  a  number  of  observa- 
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tions  being  made,  the  corrections  in  triangles,  of  wliicli  tlie  angles 
were  measured  by  a  larger  or  a  smaller  number  of  observations, 
not  presenting  corrections  in  accordance  with  such  a  supposition. 

The  investigations  would  be  pursued  and  extended,  so  as  to  be 
certain  that  the  result  could  confidently  be  relied  upon.  As  far 
as  it  had  now  proceeded,  it  went  to  show  that  the  application  of  the 
theory  of  least  squares  to  deriving  the  most  probable  values  of  the 
angles  from  the  observations,  did  not  present  the  advantages  usually 
attributed  to  it.  It  would  not  be  difficult  to  assign,  in  the  nature 
of  the  observations  themselves,  physical  reasons  vvhy  this  theory 
should  not  be  "applicable.  The  residual  of  lateral  refraction  was  in 
reality  very  considerable  in  value. 

Tables  containing  the  particulars  of  the  numerical  quantities,  of 
which  the  results  merely  are  referred  to  in  this  abstract,  were  laid 
before  the  Section. 

Prof.  Peirce  followed  with  a  few  remarks  on  the  improper  use 
of  the  theory  of  the  least  squares.  He  was  opposed  to  the  use  of 
the  doctrine  of  chances,  on  which  this  theory  is  founded,  in  solving 
any  of  the  problems  of  nature,  where  nothing  is  governed  by  chance, 
but  by  fixed  laws. 

Dr.  Gould  observed  that  objections  to  the  theory  ought  not  to 
be  founded  upon  the  results  except  of  its  application  to  non-homo- 
geneous ol)servations,  that  is,  to  observations  not  made  under  the 
same  circumstances. 

Prof.  Henuy  remarked,  that  on  philosophical  principles,  he 
thought  that  the  theory  of  least  squares  was  extremely  imperfect, 
being  based  upon  purely  mathematical  conceptions. 


Remarks  on  Boltonite.  By  L.  Saemann,  of  Berlin,  Prussia. 
I  HAVE  the  honor  to  lay  before  you  some  specimens  of  a  mineral, 
occurring  only  some  thirty  miles  from  this  city,  and  having  yet 
been  up  to  this  time  un  object  of  much  controversy  among  the 
mineralogists.  The  name  of  this  doubtful  species  is  Boltonite,  and 
its  locality  the  limestone  quarries  at  Bolton,  a  township  in  Worces- 
ter county,  Massachusetts. 

The  limestone  of  this  and  many  other  places  in  this  state  belongs 
to  the  geological  system  of  metamorphic  rocks,  and  is  intimatel}' con- 
nected with  the  Gneiss  formation,  which  covers  so  large  a  part  of  the 
New  England  States.    Prof.  Hitchcock's  masterly  description  of  this 
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and  all  the  other  geological  phenomena  of  Massachusetts  is  so  Avell 
known  and  appreciated  in  this  country,  that  I  could  hardly  say 
anything  new  upon  the  general  appearance  of  that  stratum. 

My  principal  purpose  being  to  collect  specimens,  I  was  obliged  to 
work  several  days  in  that  quariy,  and  among  others  it  was  the  Bol- 
tonite  which  I  sought  for  with  great  eagerness,  having  been  aware 
during  a  previous  investigation  in  most  of  the  public  and  private 
cabinets  of  3'our  northeastern  States,  that  there  was  generally  a 
great  uncertainty  and  difference  of  opinion  among  3'our  best  miner- 
alogists and  chemists,  as  to  tlie  real  value  of  this  species.  All  the 
information  I  could  obtain  was,  that  the  mineral  presented  itself  in 
form  of  A'arious  colored  spots  in  the  white  limestone. 

My  only,  and  indeed  ver}^  reliable  guide,  was  therefore  Mr.  Dana's 
excellent  "Treatise  on  Mineralogy,"  and  I  am  happy  to  state,  that 
in  this,  as  in  many  other  cases,  it  proved  to  be  a  very  successful 
one.  Prepossessed  as  I  was  of  the  idea  that  my  species  should  be 
a  very  obscure  one,  I  fel  <  little  inclined  to  recognize  it  in  the  very 
distinct  if  not  very  beautiful  specimens  of  which  the  piece  before 
3'ou  is  a  sample.  Yet  the  description  given  by  Mr.  Dana  proved  to 
coincide  exactly,  as  far  as  my  very  simple  travelling  apparatus  al- 
lowed an  investigation  into  the  subject,  and  I  felt  happy  to  get  a 
large  lot  of  better  specimens  than  I  had  ever  before  seen. 

The  mineral  as  it  lies  before  you,  is  intimately  associated  with 
Scapolite,  coating  the  interior  of  a  large  gap  in  the  rock,  the  same 
when  it  occurs  in  limestone,  being  generally  of  far  less  beauty. 

Knowing  the  compliance  of  Prof.  Silliiuan,  Jr.,  of  New  Haven,  in 
all  cases  concerning  the  advancement  of  the  science,  I  despatched 
immediately  some  specimens  to  him,  submitting  them  to  his  judg- 
ment,and  solicitingan  analysisif  theobjGct  should  seem  worthy  of  it. 

Prof.  Silliman,  I  am  aware,  will  give  you  to-day  the  result  of  his 
investigation,  and  I  doubt  not  his  report  will  fill  an  interesting 
page  in  the  history  of  mineralogy. 

In  the  mean  time  I  was  not  lazy  in  examining  myself  the  specimens. 
The  most  remarkable  character  seemed  to  me  to  be  the  uncommon 
change  of  color,  from  dark  greenish  and  bluish  shades  to  a  very  dis- 
tinct wax  and  sulphur  yellow,  as  may  well  be  observed  in  the  spe- 
cimens before  us.  I  collected  some  specimens  near  the  lime-kiln  at 
Bolton,  which  having  passed  through  the  fire,  present  a  reddish 
brown  color,  and  show  thus  a  sort  of  blow-pipe  reaction  on  a  large 
scale. 
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A  close  exfiraination  with  the  magnifying  glass  proved  first  the 
presence  of  a  black,  very  brilliant  substance  ;  having,  as  far  as  it  can 
be  ascertained  on  so  small  particles,  the  general  appearance  of  tita- 
niferous  iron  ore.  There  was  no  doubt  that  manj'^  of  the  specimens 
owed  part  of  their  dark  color  to  this  mixture,  and  I  thought  it  pos- 
sible that  a  higher  oxidation  of  it  could  be  the  cause  of  a  subsequent 
changeof  color.  Neverthelesstheimmutabilityof  this  mineral  under 
common  atmospheric  influences  being  well  knovvn,  I  hesitated  again 
to  adopt  this  explanation,  and  I  was  indeed  finally  fortunate  enough 
to  discover  what  I  now  am  certain  to  be  the  real  reason  of  this  rather 
uncommon  change. 

A  very  minute  examination  of  extremely  small  particles  of  the 
dark  substance  disclosed  the  real  texture  of  it.  The  principal 
mass,  appearing  entirely  transparent  and  colorless,  enclosed  very 
small,  sometimes  dendritic  scales  of  another  mineral  beside  that  al- 
ready mentioned. 

These  scales  when  closely  surrounded  by  the  glassy  mineral  are 
of  a  brilliant  metallic  lustre,  and  of  a  dark  yellow  color  ;  but  com- 
monly occurring  between  the  laminae  and  not  entirely  inaccessible  to 
the  action  of  air  and  moisture,  they  have  a  black  or  iridescent  tar- 
nish. They  proved  to  be  easily  soluble  in  diluted  hydrochloric  acid, 
and  from  these  characters,  together  with  the  effect  of  their  decom- 
position, I  conclude  that  they  are  magnetic  pyrites. 

Now  the  change  of  color  in  our  mineral  is  easily  understood  ; 
magnetic  pyrites  is  susceptible  of  decomposition,  under  the  action 
of  atmospheric  air  and  water  alone,  and  certainly  more  so  when  in 
so  high  a  state  of  division  as  is  here  the  case.  The  protoxide  of 
iron,  or  perhaps  a  sub-sulphate  of  it,  resulting  from  this  chemical 
change,  gives  the  new  color. 

I  was  not  able  to  ascertain  whether  the  before  mentioned  titanate 
of  iron  undergoes  the  same  change  ;  it  may  be  possible  that  the  acid 
disengaged  from  the  pyrites  in  its  vicinity  attacks  and  decomposes 
it ;  but  even  if  this  be  not  the  case,  its  coloring  power  ought  to  be 
considerably  diminished,  the  mineral  now  being  opaque  through  the 
interposition  of  a  yellow  powder  between  its  laminge,  and  thus  the 
titanate  being  unable  to  act  in  its  most  powerful  wa}^  that  is,  by 
reflexion  through  a  limpid  substance. 

The  accompanying  specimens  illustrate  the  progress  of  decompo- 
sition in  all  its  diff"erent  degrees.     The  microscopic  evidence  for 
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my  above  statements  will  easily  be  obtained  by  those  interested, 
more  especially  in  this  kind  of  observations. 

In  either  case  the  constitution  does  not  agree  with  that  of  any 
known  species,  and  Boltonite  must  be  regarded  as  a  good  species, 
should  these  results  be  confirmed  by  subsequent  investigations. 

The  question  now  arises,  What  is  the  Bisilicate  of  Magnesia  of 
Dr.  Thomson  ? 

Referring  to  Thomson's  analysis  and  description  of  this  mineral, 
we  read  (1.  e.  p.  50)  that  the  mineral  received  by  him  from  "Mr. 
Nuttall  (from  Bolton,  Mass.)  bears  so  much  resemblance  to  the 
Picrosmine  of  Hadinger,  both  in  character  and  composition,  that  he 
strongly  suspects  the  two  things  to  be  mere  varieties.  The  mineral 
is  white,  with  a  shade  of  green,  powder  white.  It  consists  of  a 
congeries  of  prismatic  cr3'stals,  very  irregularly  disposed,  and  in- 
volved in  each  other.  Lustre,  glassy  ;  transparent  on  the  edges. 
The  analysis  gave  : 

Silica 56.64 

Magnesia 86.52 

Alumina • 6.07 

Pei'ox.  Iron 2.46 


101.69  " 
This  analysis  and  description  agree  neither  with  Boltonite,  as 
above  described,  nor  can  we  deduce  from  the  anah'^sis  the  constitu- 
tion of  Bisilicate  of  Magnesia.^  We  must  therefore  look  for  another 
mineral.  Among  the  specimens  from  Bolton,  in  the  Lederer  collec- 
tion, is  one.  No.  279  (1018a),  marked  "Picrosmine?"  "Actinolite?" 
This  mineral  answers  the  description  of  Thomson,  quoted  above, 
as  nearly  as  anything  could,  and  is  undoubtedly  the  same  thing 
which  he  received  from  Mr.  Nuttall,  and  examined  with  the  above 
results.  It  consists  of  a  congeries  of  prismatic  crystals  of  a  glassy 
lustre,  and  greenish  color.  Nothing  else  occurs  at  the  locality,  so 
far  as  can  now  be  ascertained,  at  all  resembling  the  mineral  which 
is  described  by  Dr.  Thomson.  A  qualitative  analysis  of  this  speci- 
men gave  Silica,  Magnesia,  Alumina,  Peroxide  of  Iron,  Manganese, 
but  no  Lime  or  Water.  These  are  the  constituents  of  a  hornblende, 
and  this  specimen  is  undoubtedly  such  —  variety  Actinolite. 

'A  Bisilicate  of  Magnesia  would  contain  18.28  percent.  Maffnesia,  and  S7.72  per  cent, 
of  Silica.  It  is  quite  impossible  to  understand  what  Dr.  Thomson  means,  when  he 
states  that  this  analysis  gives  two  atoms  of  Silica  and  one  atom  of  Magnesia.  It  cer- 
ainly  is  not  so. 
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I  would  say,  in  addition,  tliat,  regarding  tlie  Alumina  in  this  min- 
eral as  taking  the  place  of  a  part  of  the  Silica,  and  the  Iron  to  ex- 
ist as  protoxyd  (as  it  undoubtedly  does),  Thomson's  anal3-sis  gives 
very  closely  the  normal  formula  of  a  hornblende,  namely  R'*  81^  = 
Silica  62.1,  Magnesia,  37.9. 

If  the  foregoing  conclusions  are  correct,  it  would  appear  that 
Boltonite  is  not  the  same  mineral  analyzed  by  Thomson,  as  sup- 
posed by  Prof.  Shepard,  in  his  treatise,  as  quoted  above  :  and  also 
the  so-called  Bisilicate  of  Magnesia,  of  Thomson,  is  Hornblende. 


On  Boltonite  of  Shepard  and  Bisilicate  of  Magnesia  of 
Dr.  Thomson.     By  Prof.  B.  Silliman,  Jr. 

Prof.  Shepard,  in  his  Treatise  on  Mineralogy, in  78  (New  Haven, 
1835,)  gave  the  name  Boltonite  to  a  massive  mineral  which  is  found 
at  Bolton,  Mass.,  disseminated  in  white  limestone.  Its  structure 
is  granular — or  in  cleavable  masses  of  irregular  outline,  with  one 
brilliant  and  two  less  distinct  cleavage  planes.  Form  probably 
oblique  rhombic.  In  some  cases,  where  the  weather  has  dissected 
out  the  crystals  from  the  calcareous  gangue,  the  form  is  tolerably 
distinct,  but  not  sufficiently  so  to  admit  of  measurement. 

Its  lustre  vitreous  to  sub-adamantine  ;  its  color  greenish  black 
and  gray,  changing  on  exposure  to  brown,  wax  yellow,  and  some- 
times almost  white.  Tliese  changes  of  color  are  peculiar,  and  often 
the  same  mass  which  is  dark  greenish  gray  on  one  end,  will  have 
turned  light  yellow  on  the  other.  Hardness  5.50  ;  specific  gravity, 
3.008 — the  same  on  two  specimens,  one  dark  and  one  light. 

Til's  mineral,  when  first  found,  was  called  Pyrallolite,  and  is  now 
so  labelled  in  some  old  collections.  For  instance.  Baron  Leder- 
er's  Cabinet  of  American  Minerals,  now  in  the  Yale  College  col- 
lections, contains  eight  or  ten  specimens  of  this  mineral  from 
Bolton,  under  the  name  P^n-allolite,  which  were  received,  as  the 
catalogue  indicates,  from  Robinson,  Shepard,  Nuttall,  Boyd,  and 
other  of  the  early  cultivators  of  American  mineralogy  in  this  country. 

In  his  description  of  this  mineral,  Prof.  Shepard  says,  it  is  be- 
lieved to  be  identical  with  the  substance  described  by  Dr.  Thomson, 
(Am.  Lye.  Nat.  Hist.  New  York,  Vol.  iii,  p.  50,)  under  the  name  of 
"Bisilicate  of  Magnesia  ;"  and  accordingly  the  analysis  of  Dr.  Thom- 
son is  quoted  under  "Boltonite,"  as  the  constitution  of  this  sub- 
stance. 
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It  will  pi-esentl}'  be  shown  that  it  is  in  the  highest  degree  prob- 
able that  Dr.  Thomson  applied  his  name  Bisilicate  of  Magnesia  to 
another  substance,  and  that  the  Boltonite  of  Shepard  is  not  the 
substance  which  he  anal3^zed. 

Mr,  Saeraann,  the  very  discriminating  and  intelligent  mineralog- 
ical  traveller  from  Berlin,  has  lately  visited  Bolton  in  search  of 
•these  minerals,  and  has  had  the  goodness  to  send  me  three  speci- 
mensof  whathe  supposes  to  be  Boltonite.  These  specimens  are  now 
on  the  table,  and  answer  to  the  description  given  of  that  mineral 
in  Shepard  so  closely  that  there  can  be  no  doubt  that  they  are  the 
same  substance.  If  any  doubt  existed,  however,  it  is  quite  re- 
moved by  the  specimens  obtained  from  Lederer's  cabinet.  Mr. 
Saemann,  in  his  note  accompanying  the  specimens,  inquires  if  the 
mineral  may  not  be  Sphene.  Its  behavior  before  the  blowpipe  ap- 
peared at  first  to  confirm  the  correctness  of  this  suggestion  ;  but 
the  reactions  for  titanium  which  were  obtained  in  the  blowpipe  ex- 
amination were  due,  undoubtedly,  to  a  portion  of  titanic  iron  which 
occurs  abundantly  in  very  minute  grains,  and  intimatel}^  mixed  with 
the  Boltonite.  The  dark  colored  portions  of  the  mineral  also  turn 
light  yellow  under  the  blowpipe,  a  character  which  belongs  to  many 
brown  sphenes,  and,  probably,  to  a  large  number  of  other  minerals. 
An  analysis  of  the  Boltonite  gave  the  following  results  : 

Silica 46.062 

Alumina  .     .     - 5.667 

Protox.  Iron 8.632 

Magnesia 38.149 

Lime        1.516 


100.026 


The  formula  which  agrees  with  this  analysis  estimating  the  Alu- 
mina as  a  constituent  part  of  the  mineral  (which  it  undoubtedly  is) 
will  be  either  Mg-  (Si,  Al)  or  Mg^  Al  +  8  Mg^  <••;! 

If  the  Alumina  should  prove  to  be  an  unimportant  constituent  of 
the  mineral,  and  is  disregarded  in  the  formula,  then  the  analysis 
gives  the  ratio  of  4  :  3  for  the  relation  of  the  Sesquioxyds  to  the 
Protoxyds,  which  ratio  gives  the  formula 

R9  ii^  or  (Mg  Fe  Ca)»  Si-^. 

iMg2  is  put  in  this  formula  for  (iig  Fe  (ja)^ 
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Identity  of  Sillimanite  of  Bowen,  of  Buchoi.zite  of  Brandes, 

AND    OF    FiBROLITE    OP    BoUMON    WITH    THE    SpECIES    KyANITE. 

Sillimanite  was  originally  described  by  Bowen  — from  tin  analysis 
made  in  Yale  College  Laboratory'  in  1824^ ;  which  showed  it  to  be  a 
silicate  of  Alumina  with  a  proportion  of  silica  too  high  to  allow  it 
to  come  within  the  formula  of  Kyanite.  It  was  subsequently  anal- 
yzed by  Dr.  Thomas  Muir,  in  the  laboratory  of  Dr.  Thomson,  who 
found  in  it  a  large  quantity  of  Zirconia,  an  observation  which  all 
subsequent  researches  have  failed  to  confirm.  Since  that  time  it 
has  been  frequently  analyzed  by  various  chemists,  viz. :  by  Connell, 
Norton,  Statf,  Thomson,  and  Hayes.  One  of  the  most  recent  of 
these  analyses  which  has  been  published,  is  that  b}^  Dr.  Thomson, 
who  reports  it  to  contain  45.65  per  cent,  of  Silica,  We  have  then 
the  following  discordant  results  in  the  amount  of  Silica  found  in 
Sillimanite  by  different  chemists  in  the  order  of  their  publication. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Boiven. 

Muir. 

Connell. 

Norton. 

staff. 

Thomson. 

Haynes. 

Per  cent.  42.67 

38.67 

36.75 

37.70 

37.36 

46.65 

42.60 

The  cause  of  this  disagreement  will  undoubtedly  be  found  in 
the  difficulty  of  etfecting  a  complete  decomposition  of  those  anhy- 
drous silicates  of  Alumina,  which  contain  a  high  percentage  of 
Alumina.  This  decomposition  can  be  completely  effected  only  by 
the  aid  of  caustic  potash  applied  during  the  fusion,  as  first  recom- 
mended by  Berzelius. 

Select  crystals  of  this  mineral  were  taken  from  the  original  lo- 
cality at  Chester,  Conn.,  and  their  analysis  afforded  the  following 
results:     Quantity  taken  .7755  gramme;  found. 

Silica 292  =  per  ct.  37.653  =  1     or  2 

Alumina 484  =  per  ct.  62.411  =  1  J-  or  3 


.776 

100.064 

Required 

Found. 

2  atoms  Silica     .     , 

,     1154.62  =  Si  . 

.  .    37.47 

37.753 

3  atoms  Alumina    . 

1927.00=  Al  . 

.  .    62.53 

62.411 

3081.62  100.00        100.064 

This  result  gives  exactly  then  the  formula  of  Kyanite,  viz. :  Al^ 

lAra.  J.  Sciences,  Vol.  8, 1  Series,  p.  113,  and  Jour.  Acad.  Nat.  Sci.,  Philad.  • 
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Si'-^.  The  analyses  of  Staff  and  Norton  give  also  the  same  result.- 
We  can,  therefore,  have  no  longer  any  hesitation  in  referring  Silli- 
manite  to  Kyanite,  as  originally  suggested  by  Mohs,  in  his  Mineral- 
ogy- 

Bucholzite  is  a  name  given  by  Brandes  to  a  Silicate  of  Alumina 
from  Tyrol,  which  occurs  in  compact  masses  of  a  finely  fibrous 
structure  and  hardness  equal  to  Kyanite.  Thomson  also  has  an- 
alj'zed  a  mineral  from  Chester,  in  Pennsylvania,  well  known  to 
collectors,  and  has  referred  it  also  to  Bucholzite.  Being  in  pos- 
session of  authentic  specimens  of  this  mineral,  I  have  analyzed  it 
with  the  following  result.     Quantity  taken  0.561  gramme.     Found, 


1 

2 

Silica     .     . 

.      .1925  = 

:  per  34.31 

35.96 

Alumina     . 

.      .3615 

"    64.43 

Magnesia  . 

.      .0028 

.52 

Manganese 

.    trace. .  . 

. . .    trace. 

.5568  99.26 

This  also  will  give  us  the  same  formula  with  Kyanite.  The  min- 
eral, being  less  pure  than  Sillimanite,  cannot  be  expected  to  fur- 
nish results  as  accurate  as  the  former  analysis. 

There  is  also  found  atBrandywine  Springs,  Delaware,  a  mineral 
which  has  been  extensively'  distributed  among  collectors  under 
the  names  Bucholzite  and  Fibrolite.  A  specimen  from  this  local- 
ity fui'nished  rae  the  following  results,  viz. :  quantity  taken, 
1.0675  gramme;  found, 

"Si 386  =  per  36.159 

Al 679        "     63.525 


1.065  99.684 

This  is,  of  course,  identical  with  Kyanite.  Minute  traces  of  Iron 
and  INIanganese,  which  are  found  in  both  the  above,  are  regarded 
as  of  no  importance  in  the  result,  being  mere  impurities. 

Fibrolite  of  Bournon.  This  mineral  was  first  distinguished  by 
Count  Bournon,  who  detected  it  among  the  associated  minerals  of 
Corundum  from  India  and  from  China.  The  name  has  reference 
to  its  fibrous  character.     It  was  analyzed  by  Chevenix,  who  found 

2  In  Norton's  analysis,  which  vras  made  in  Yal^  College  Laboratory,  the  excess  of 
2.7;}  was  owing  uiulonbtedly  to  AUiminate  of  Potash  which  remained  in  the  Alumina 
after  separating  tlie  Peroxyd  of  Iron  by  Canstic  Potasli.  Subtracting  tliis  sum  from 
the  sum  of  Alumina  and  Peroxyd  of  Iron,  we  have  G-2.30  per  cent.  Alumina  and  Per- 
oxyd Iron,  which  is  almost  exactly  the  quantity  required  by  theory. 
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Silica, 38.00 

Alumina,, 58.25 


96.25 
Even  upon  so  imperfect  an  analj'sis,  there  has  been  no  hesitation 
in  referring  it  to  Kyanlte.     Having  an  authentic  specimen  of  this 
mineral  from  Count  Bournon  at  my  disposal,  I  have  analyzed  it. 
It  yielded  on  0.427  gramme  taken,  viz  : 

Si" 1551zrrper  36.309z=Al3  SK 

Al 2665       "    62.415 

Ms 0030       "        .702 


.4246  99.426 

The  results  just  given  leave  it  no  longer  possible  for  us  to  separate 
Sillimanite,  Bucholzite,  and  Fibrolite  from  Kyanlte.  The  hardness 
of  Sillimanite  proves  also  to  possess  the  same  inequality  on  different 
faces  which  is  found  in  Kyanlte.  The  cleavage  face  is  much  softer 
than  the  angle  or  side  of  the  prism,  so  as  to  be  easily  scratched 
with  a  sharp  point  of  hard  steel.  The  crystalline  forms  of  Silli- 
manite and  Kj'^anite  are  also  identical,  the  one  being  derived  by  the 
simplest  modification  from  the  other.  The  cleavage  in  both  is  in 
the  ortho-diagonal. 

It  may  be    worthy  of  remark  that  "Andalusite"  has  the  same 
chemical  constitution  as  Kyanite,  but  belongs  to  the  right  rhombic 
form,  while  Kyanite  is  oblique.     Doubtless,  this  is  a  case  of  dimor- 
phism, and  perhaps  the  same  may  be  said  with  truth  of  Staurotide. 
Adjourned. 

B.  A.  GOULD,  Jr.,  Secretary. 


August  loth  —  Afternoon. 
GENERAL   SESSION. 

The  Association  met  in  General  Session  at  half-past  4  o'clock. 
The  first  communication  was  by  Prof.  H.  D.  Rogers,  on  the  Struc- 
tural Features  of  the  Appalachians,  compared  with  those  of  the  Alps 
and  other  disturbed  districts  of  Europe. 

In  this  communication  the  speaker  confined  himself  to  the  analo- 
gies of  structure  which  he  had  discovered  between  the  Appalachian 
mountains  of  the  United  States  and  the  disturbed  mountain  zones 
of  Europe.     He  first  sketched  the  characteristic  features  of  the 
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Appalachians  on  their  southeast  slopes,  where  the  strata  are  inva- 
riably doubled  into  oblique  flexures  or  folds.  Further  towards  the 
northwest,  or  central  belts  of  the  chain,  these  flexures  are  less  per" 
ceptible,  but  the  inverted  or  northwestern  side  of  the  anticlinal 
curves  dips  much  more  steeply  than  the  southeastern.  Advancing 
still  further  across  the  chain  these  great  flexures  or  arches  of  the 
rocks  progi'essively  expand,  the  curvature  of  the  northwestern  slopes 
still,  however,  dipping,  very  steeply,  while  in  the  broad  plateaus  of 
the  Alleghany  and  Cumberland  mountains  the  arches  or  waves 
subside  and  dilate  into  symmetrical  undulations  of  equal  and  gentle 
curvature.  Along  all  the  southeastern  border  of  the  chain,  the  pre- 
vailing dip  is  therefore  toward  the  belt  of  active  igneous  movement, 
where  alone  the  strata  are  penetrated  by  intrusive  volcanic  rocks. 

The  speaker  next  showed  that  these  arches  or  waves  are  of  great 
length,  and,  whether  straight  or  curved,  exhibit  a  singular  degree 
of  parallelism  and  uniformity  in  their  style  of  flexure.  In  the  south- 
eastern and  middle  zones  of  the  chain,  many  of  these  great  arches 
terminate  in  enoi'mous  longitudinal  faults  or  fractures,  which  are 
nothing  else  than  inverted  flexures  broken  at  some  point  in  the  in- 
A'erted  part  of  the  anticlinal,  producing  the  apparent  anomaly  of  an 
overlapping  of  newer  strata  by  others  of  far  older  d,ate.  Some  of 
these  fractures  thus  ingulf  a  thickness  of  nearly  two  miles. 

The  cleavage  planes  of  the  rocks  are  nearly  parallel  with  the 
average  dip  of  the  planes  which  sj'mmetrically  cut  or  bisect  the  anti- 
clinal and  synclinal  curves  ;  and  this  law  of  position  of  the  cleavage 
planes  is  found  to  prevail  equally  in  the  plicated  districts  of  the 
Rhine  and  the  Alps.  The  paljBozoic  region  of  the  Ardennes  and  the 
Rhine  was  next  described,  and  a  section  shown  passing  through  the 
chain  of  the  Ardennes  and  the  coal-fields  of  Belgium.  Precisely 
analogous  features  were  proved  to  belong  to  this  region,  Avhieh  had 
been  observed  in  the  Appalachians.  In  the  more  disturbed  tracts  the 
strata  are  closely  and  sharplj^  folded  into  almost  absolute  parallel- 
ism, whilefurther  north,  in  the  carboniferous  basins  of  the  Meuse, 
these  flexures  were  shown  to  progressively  dilate  precisely  as  in  the 
sections  of  the  AUeghanies.  It  was  further  shown  that  the  cleavage 
planes  of  the  more  contorted  belt,  are,  as  in  the  Appalachian 
region,  parallel  to  the  average  dip  of  the  axes,  planes  which  divide 
the  curves. 

Prof.  Rogers  then  proceeded  to  give  a  description  of  the  pictu- 
resque and  symmetrical  mountain  chain  of  the  Jura,  and  proved 
that  there  likewise  the  same  beautiful  law  of  a  peculiar  curvature 
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prevailed,  the  great  anticlinals  exposing  invariably,  or,  with  rare 
exceptions,  a  much  steeper  dip  upon  the  sides  which  face  the  Alps 
than  upon  the  opposite  sides.  The  average  dip  of  the  northwestern 
abutments  does  not  amount  to  40°,  while  that  of  the  southeastern 
even  exceeds  70°. 

Alluding  to  the  indication  of  a  vast  fracture  or  fault  at  the  base 
of  the  southern  wall  of  the  Jura,  the  speaker  showed  how  this  break 
in  the  strata  would  explain,  upon  his  theory  of  an  undulation  of 
the  crust  of  the  earth — in  this  instance  propagated,  not  from  the 
Alps,  but  from  the  district  of  the  Vosges,  or  the  countr}'  towards 
the  northwest  —  why  the  successive  anticlinals,  as  we  approach  this 
fault,  do  not  decrease  in  curvature,  but  on  the  contrary  augment 
in  steepness. 

Passing  next  to  the  chain  of  the  Alps,  it  was  proved  that  it  con- 
sists of  two  principal  zones  of  closely  plicated  strata.  The  entire 
beltof  tlie  Bernese  Oberland  displays  folds  which  dip  inwardl}^  to- 
ward the  high  central  peaks,  with  a  parallel  or  south  dipping  system 
of  cleavage.  The  southern  chain  of  the  Monte  Rosa  exhibits  a 
similar  system  of  flexures,  but  of  an  opposite  order  of  dips,  these 
being  directed  toward  the  north,  and,  therefore,  also  inclining 
inwards  towards  the  high  central  summits.  This  opposite  direction 
of  the  folds  in  the  two  opposite  flanks  of  the  chain  at  once  explains 
the  hitherto  unsolved  phenomenon  of  the  inward  dipping  or  fan- 
like position  of  the  planes  of  stratification.  The  cleavage  dips  on 
each  flank  of  the  chain,  as  in  ever}'  other  district,  are  parallel  with 
the  average  dips  of  the  anticlinal  folds. 

Prof.  A.  GuYOT  expressed  the  satisfaction  he  experienced  in  see- 
ing the  elevation  of  the  Jura,  in  its  essential  point  of  view,  under- 
stood by  Mr.  Rogers  as  he  himself  had  understood  it,  and  publicly 
taught  since  1840.  He  agreed  entirely  with  Mr.  Rogers  when  he 
attributed  the  elevation  of  the  Jura,  not  to  a  force  acting  from 
below  upwards,  as  is  generally  admitted,  but  to  a  lateral  pressure. 
But,  on  the  other  hand,  he  did  not  believe  that  the  point  of  depart- 
ure of  the  upheaving  force  is  to  be  looked  for  north  of  the  Jura. 
The  general  orographic  features  of  the  Jura,  and  their  relations  to  the 
Alps,  made  him  think,  on  the  contrary,  that  the  immediate  cause  of 
the  uplifting  of  the  chains  of  the  Jura  is  to  be  sought  in  the  Alps, 
and  that  he  must  consider  it  as  a  contemporaneous  effect  of  the  re- 
pulsing action  of  the  upheaval  of  the  Alpine  chain.  Having  been 
registered  for  a  communication  upon  the  same  subject,  Mr.  Guyot 
requested  permission  to  state  on  this  occasion  the  facts  which  led 
him  to  this  conclusion. 


116  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

Tlie  principal  chain  of  the  Alps  is  E.  N.  E.  Tlie  Jura,  which  at 
its  point  of  departure  touches  the  chain  of  the  Alps,  runs  nearl}' 
N.  E.,  and  graduall\^  diverges,  so  that  the  two  chains  form  the  two 
retreating  sides  of  an  acute  angle.  Now  this  disposition  seems  to 
determine  the  principal  and  characteristic  features  of  the  orography 
of  the  Jura,  which  are  the  following  : — 

1.  The  maximum  of  the  height  of  the  chain  of  the  Jura  is  found 
near  the  point  of  contact  with  the  Alps,  and  the  elevations  go  on 
gradually  and  regularly  diminishing  in  proportion  as  the  Jura  re- 
cedes from  the  Alps.  The  Cret  de  la  Neige,  near  Geneva,  at  5300 
feet ;  the  Dole,  in  the  Canton  de  Vaud,  5100  ;  the  Chasseral,  near 
Neuchatel,  4900  ;  the  Weissenstein  of  the  Jura  of  Soleure,  over 
4000  ;  and  so  on  to  the  extremit3-  in  Argovie,  the  height  of  which 
does  not  exceed  2700. 

2.  In  proportion  as  we  leave  the  Alps,  cutting  the  Jura  in  a  trans- 
verse direction  from  the  Swiss  plain  to  that  of  France,  we  observe 
the  same  decrease  of  elevation.  The  first  chain,  the  nearest  and  in 
front  of  the  Alps,  is  the  highest,  and  the  summits  gradually  sink  from 
5000  to  2000  feet  to  the  other  border  of  this  vast  undulating  plateau. 

3.  The  particular  chains  of  which  the  system  of  the  Jura  is  com- 
posed, are  not  exactly  in  the  general  direction  of  the  system  itself, 
but  slightly  oblique  in  such  a  manner,  that  they  tend  to  place 
themselves  in  parallelism  with  the  chain  of  tlie  Alps. 

4.  Although  the  system  of  the  Jura,  taken  together,  turns  its 
abrupt  slope  towards  the  Alps,  as  was  remarked  by  Saussure,  the 
arches,  at  least  of  the  first  chain,  the  nearest  to  the  Alps,  are  often 
pushed  over  in  such  a  manner,  that  the  opposite  slope,  or  the  N. 
^y.  declivit}'-,  is  steeper,  and  the  arch  as  it  were  crushed. 

Thus  the  intensitj-  of  the  phenomena  of  upheaval  augments  or 
diminishes  in  the  different  parts  of  the  Jura,  in  proportion  as  the  dis- 
tance which  separates  them  from  the  Alps  becomes  greater  or 
smaller.  It  is  the  same  with  the  tertiary  strata,  with  the  molasse, 
which  occupies  the  space  between  the  two  chains.  It  presents 
wrinkles  and  elevations  which  are  higher  and  more  broken,  the 
nearer  the}^  are  to  the  foot  of  the  Alps  ;  it  is  sometimes  found  en- 
tirely folded  over  upon  itself,  and  plunging  under  the  Alpine  strata. 

These  general  facts  place  beyond  a  doubt  the  existence  of  an 
intimate  relation  between  the  two  chains,  and  all  seem  to  find 
their  natural  explanation  in  the  repulsing  action  which  must  have 
been  exercised  by  the  elevation  of  the  mass  of  the  Alps  upon  the 
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neighboring  strata.  Mr.  Guyot  conceived  the  upheaval  of  the  moun- 
tains as  being  the  result  of  a  contraction  of  the  terrestrial  surface 
in  consequence  of  the  gradual  cooling  of  the  globe,  and  therefore, 
as  being  wholly  due  to  the  lateral  pressures  which  must  result  from 
this  contraction.  In  this  particular  case,  he  considered  the  Alps  as 
the  principal  fold,  pushed  to  a  complete  fracture,  which  reacts  around 
it,  and  crowds  back  the  neigliboring  strata  and  forms  secondary 
folds,  which  are  the  chains  of  the  Jura.  "What  still  further  confirms 
this  opinion,  is  the  fact  that  the  Jurassic  strata  of  the  Alpine  sys- 
tem present  everyvvhere  the  traces  of  a  violent  pressure,  and  are 
those  which  present  the  phenomena  of  the  most  extraordinar}'  fold- 
ing. We  ma}'  then  believe  that  this  pressure  was  transmitted 
along  these  same  strata  under  the  molasse  which  covers  them,  and 
manifested  itself  anew,  although  weakened  in  the  folding  of  the 
chains  of  the  Jura, 

Before  being  affected  b}-  the  upheaval  of  the  Alps,  perhaps  the 
Swiss  Jura  had  the  formoftheWartemberg  Jura,  that  is,  the  form  of 
a  plateau  inclined  to  the  south,  while  after  the  upheaval  of  the  Alps 
the  southern  part,  on  the  contrary,  was  found  to  be  the  most  elevated. 

An  inspection  of  the  strata  deposited  in  the  interior  of  the  val- 
leys proves,  moreover,  that  the  Jura  has  undergone  since  this  first 
epoch  at  least  three  successive  upheavals  ;  the  first  before  the  cre- 
taceous deposits,  the  second  after  the  cretaceous  and  before  the 
tertiar}'  epoch,  or  that  of  the  molasse  ;  the  third,  the  most  consid- 
erable, after  the  deposition  of  the  molasse,  which  would  seem  to 
indicate  for  the  Alps  an  equal  number  of  corresponding  movements. 

As  to  the  possibilit}'  of  harmonizing  all  the  geological  facts  of 
Central  Europe  with  the  grand  idea  expressed  by  Mr.  Rogers,  of  a 
common  law  which  would  bind  together  all  the  upheavals  of  strata 
comprised  between  the  Northern  Sea  and  the  Adriatic,  notwith- 
standing the  different  ages  and  various  directions,  it  is  a  question 
which  demands  a  deeper  examination,  which  Mr.  Guyot  would 
not  at  present  enter  upon. 

Upon  the  delivery  of  this  communication,  a  short  discussion  en- 
sued, in  which  Profs.  Agassiz,  Guyot,  and  Rogers  took  part. 
The  two  former  gentlemen  confirmed  the  description  given  of  the 
geological  structure  of  the  Jura,  and  stated  that  they  had  them- 
selves been  long  familiar  with  the  general  fact  presented,  that  the 
side  of  each  great  anticlinal  which  faces  the  high  Alps  is  consider- 
ably steeper  than  the  remote  side. 
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Prof,  Rogers  mentioned  that  he  had  nowhere  been  able  to  dis- 
cover in  any  of  the  works  or  memoirs  of  the  Swiss  geologists  a 
statement  of  this  generalization,  and  that  he  felt  it  due  to  himself 
to  state  that  he  had  arrived  at  it  through  lu's  own  observations. 

Profs.  Agassiz  and  Guyot  rejoined  to  this,  that  they  w-ere  aware 
that  this  view  had  never  been  published,  but  Prof.  Guyot  had 
taught  the  fact  for  many  years  in  his  lectures,  and  had  been  in  the 
habit  of  ascribing  it  to  the  action  of  some  prodigious  horizontal 
pressure  propagated  from  the  region  of  the  high  Alps,  during  suc- 
cessive upheavals  of  that  lofty  chain. 

Prof.  Rogers  then  drew  attention  again  to  the  important  fact, 
that  the  folds  in  the  strata  of  the  Jura  being  steepest  on  their  south 
sides,  while  those  of  the  Alps  are  steepest  on  their  north  sides, 
the  movement  uplifting  the  former  must  have  come  from  precisely 
the  opposite  direction  of  that  which  caused  the  latter. 

Dr.  Le  Conte  suggested  that  the  erosive  action  of  water  had 
been  exaggerated,  in  consequence  of  no  distinction  being  made 
between  valleys  formed  entirely  by  aqueous  action,  and  those  in 
which  a  previously  existing  fissure  was  merel}^  modified  by  the 
passage  of  a  large  volume  of  water.  He  suggested  that  the  only 
test  was  to  ascertain  if  the  direction  of  the  deep  gorge  coincided 
with  the  line  of  least  elevation  of  the  general  face  of  the  countr}', 
as  that  would  be  the  line  followed  by  a  current  flowing  over  the 
land  before  any  valleys  were  eroded.  If  the  water  channel  deviated 
from  this  line,  it  was  to  be  attributed  (at  least  in  part)  to  a  ready 
formed  fissure  into  which  the  water  burst  by  the  giving  wa}'  of  a 
barrier. 


On  the  Connection  of  Comets  with  the  Solar  System.  By 
Prof.  Benjamin  Peirce. 

Prof.  Peirce  stated  that  there  had  been  a  century  of  exact  obser- 
vation upon  Comets,  so  that  it  seemed  worth  while  to  inquire 
whether  we  could  not  now  ascertain  whether  they  are  component 
parts  of  the  solar  system,  or  strangers  visiting  us  from  other  sys- 
tems. He  believed  that  the  facts  were  sufficient  to  decide  this 
question. 

If  any  form  of  the  nebular  hypothesis  was  to  be  adopted,  it  was 
necessary  to  consider  their  origin.  Upon  that  theory,  the  readiest  way 
to  accountfor  their  existence,  would  be  to  suppose  them  strangers 
to  all  systems,  being  produced  from  portions  of  the  nebulous  fluid  left 
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between  the  spheres  of  stellar  attraction .  His  own  opinion  was,  bow- 
ever,  tliat  tlie}^  are  component  parts  of  our  system,  and  that  tlie 
comets  within  every  system  belong  to  that  system. 

There  were  two  classes  of  arguments  which  might  be  produced. 
The  first  arising  from  the  nature  of  their  orbits — from  their  not 
being  hyperbolical.  Of  the  hundred  comets  which  had  been  carefully 
observed,  and  whose  orbits  had  been  accurately  computed  during  the 
pastcentur3',  not  one  had  been  shown  to  have  a  decidedly  hyperbolical 
orbit.  Butifthecoraetsdonotbelong  to  our  system,  one-half  of  them, 
upon  the  average,  ought  to  move  in  orbits  decidedly  hyperbolical. 

He  came  to  this  conclusion  upon  the  ground  that  our  sj^stem  is 
moving  in  space.  The  ver^'  point  towards  which  we  are  moving  had 
beendetermined,and  very  recently,  in  a  paper  upon  stellar  astron- 
omy, by  Struve,  the  deduction  had  been  given  of  the  very  amount 
of  the  motion  of  this  system  in  space.  Its  velocity  was  computed  as 
about  one-fourth  of  the  velocity  of  the  earth's  motion  in  its  orbit.  It 
would  amount  to  the  same  thing,  to  suppose  the  solar  system  to  be 
placed  in  a  stream  of  stars  to  'which  the  comets  belong,  and  the 
average  velocity  of  which  the  comets  would  possess.  Now,  by  the 
laws  of  motion,  if  the  comet  came  into  the  solar  system  with  no  ve- 
locity at  all,' its  orbit  would  be  a  parabola;  but  if  its  velocity  was 
sensible,  it  would  move  in  a  hyperbola,  the  form  of  which  would  be 
exactly  dependent  upon  the  amount  of  this  velocity.  It  had  been 
shown  by  La  Place  that  the  direction  does  not  influence  the  character 
of  the  form  of  the  orbit,  but  that  from  the  velocity  alone,  at  a  given 
distance  from  the  sun,  it  can  be  determined.  But  if  the  comets  did 
not  belong  to  the  solar  S3'stem,  there  ought  to  be  some  of  them  with 
very  remarkable  hyperbolical  eccentricity  :  so  that  the  fact  that  there 
are  no  comets  with  hyperbolic  orbits,  seemed  to  be  in  itself  almost 
decisive  proof  that  they  do  belong  to  the  solar  S3^stem. 

Another  effect  of  this  motion  in  space  would  be,  that  the  comets 
would  more  frequently  enter  the  system  upon  that  side  towards  which 
we  are  moving :  which  was  not  found  to  be  the  case. 

Dr.  B.  A.  GocLD  bad  drawn  his  attention  to  a  defect  in  La  Place's 
argument,  based  upon  the  inclinations  of  their  orbits.  La  Place  had 
taken  the  orbits  of  the  comets  as  actually  seen,  and  tracing  their  incli- 
nations to  the  plane  of  the  ecliptic,  had  shown,  according  to  the  doc- 
trine of  chances,  that  there  was  no  connection  between  them  and  the 
ecliptic.  But  he  had  made  a  very  important  mistake  in  his  investiga- 
tion, which  had  vitiated  the  whole  result,  and  the  truth  is  exactly  the 
reverse  of  that  which  he  stated.     La  Place  had  supposed  that  in  an 
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even  distribution  of  tliecometary  planes,  there  would  be  just  as  many 
at  one  inclination  as  at  another.  On  the  contrary,  you  would  find 
that  there  would  be  an  accumulation  of  planes  perpendicular  to  the 
plane  of  the  ecliptic.  At  his  request,  Dr.  Gould  had  made  a  chart  of 
the  poles  of  the  orbits  of  the  comets,  wliich  very  evidently  accumu- 
lated towards  the  poles  of  the  ecliptic,  in  the  case  of  tlie  direct  comets, 
but,  in  the  case  of  the  retrograde,  the  accumulations  wa  not  so  deci- 
ded. He  had  then  made  a  chart  of  the  planes  themselves,  which  he 
had  drawn  upon  a  projection,  taken  from  the  frustum  of  a  hexagonal 
pyramid,  as  the  nearest  approximation  to  the  hemisphere.  In  this  it 
was  evident  that  there  was  an  accumulation  of  the  lines  near  the 
ecliptic.  There  were  two  other  s^^stems  of  lines  which  could  not 
escape  observation  ;  one  passing  very  near  the  plane  of  the  Milky 
Way,  and  the  other  very  near  the  nodes  of  the  Milky  Way,  crossing 
the  former  at  right  angles.  This  would  seem  to  show  that  there  were 
a  few  comets  having  a  cosmical  relation  to  the  great  stellar  system 
to  which  our  sun  belongs. 

[These  charts  were  here  exhibited  to  the  Association.] 

To  show  how  much  the  argument  was  worth,  he  had  followed 
La  Place  in  the  doctrine  of  chances.  Still  he  would  protest  against 
using  the  doctrine  of  chances  for  the  absolute  determination  of  laws. 
We  are  in  a  world  not  governed  by  chance,  but  governed  by  law  ; 
and  all  that  we  can  do  with  chances  is  to  negative  chances,  to  show 
that  they  do  not  belong  to  the  system. 

He  then  proceeded  to  show  how,  by  following  the  doctrine  of 
chances,  he  might  have  been  led  to  an  erroneous  result  upon  this  very 
subject.  Suppose  that  the  orbits  had  l)een  distributed  near  two  planes 
crossing  each  other  at  moderate  inclinations  on  opposite  sides  of  the 
ecliptic.  By  the  doctrine  of  chances,  he  could  have  proved,  a 
thousand  to  one,  that  this  system  of  orbits  belonged  to  the  ecliptic, 
while  there  could  not  have  been  a  single  orbit  very  near  the  ecliptic. 
Therefore,  starting  with  a  wrong  hypothesis  of  law,  to  ascertain  what 
the  true  law  was,  he  should  have  come  to  a  result  radically'  wrong. 
So  chances  could  never  be  used  to  establish  laws.  No  machinery  of 
chances  would  ever  dispense  with  tliought  and  observation. 

What  then,  he  inquired,  was  the  probability,  that  this  accumulation 
of  the  orbits  near  the  plane  of  the  ecliptic  could  have  resulted  from  a 
mere  chance  distribution  of  the  orbits  ?  La  Place  found  it  two  to  one, 
by  using  a  wrong  principle.  He  (Prof.  P.)  liad  separated  the  orbits 
into  two  classes,  the  direct  and  the  retrograde,  since  it  might  be  sub- 
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posed  that  the  direct  comets  belonged  to  the  system,  while  the 
retrograde  did  not.  The  probability  against  this  being  mere 
chance  distribution,  was  3-4  to  1  for  the  direct,  17  to  1  for  the  ret- 
rograde, and  71  to  1  for  tlie  whole  together.  The  cliance  was  71 
to  1,  then,  that  there  was  an  actual  law,  and  that  the  comets 
really  belonged  to  the  system. 

Tiien  the  question  would  be,  how  the  comets  were  connected 
with  the  nebular  hypothesis?  for  there  were  so  many  things  in 
favor  of  that  tlieory,  that  even  when  it  was  proved  to  be  false,  it 
was  not  easy  to  disbelieve  it. 

La  Place  had  founded  an  argument  upon  the  fact  that  there  are 
about  as  man}'  retrograde  orbits  as  direct  ones.  He  was  disposed 
to  deduce  from  that  fact  a  result  opposite  to  the  fact  itself,  and  to 
use  this  fact  to  prove  that  there  are  a  great  many  more  direct 
comets  than  retrograde.  This  he  would  illustrate  by  the  very 
familiar  case  of  meeting  people  in  the  street.  If  we  meet  no  more 
than  pass  us,  we  know  that  we  are  moving  with  the  stream.  We 
only  see  those  direct  comets  which  pass  us  near  their  perihelion, 
while  we  see  nearly  all  the  retrograde.  We  must  remember, 
however,  that  the  earth's  motion  was  more  like  crossing  the  stream 
diagonally,  than  going  with  or  against  it.  If  then  there  were 
more  direct  than  retrograde,  here  was  another  evidence  that  they 
belonged  to  the  solar  system,  and  in  favor  of  the  nebular  hy- 
pothesis. 

If  a  comet  had  been  sent  out  from  the  sun  by  expansion,  when 
it  came  back  it  could  hardly  escape  from  falling  again  into  the 
sun,  even  if  thrown  tangentially.  If  sent  off  from  the  planets  — 
and  La  Grange  had  found  the  necessary  force  to  be  comparatively 
small  —  the  inclination  and  direction  of  tlie  orbits  would  be  about 
what  they  actually  are  ;  with  a  tendency  towards  the  plane  of  the 
ecliptic,  and  towards  direct  motion.  The  great  difficulty  was  in 
making  the  force  exactly  sufficient  to  produce  the  parabola,  or 
lengthened  ellipse ;  for  if  it  was  more  than  this,  however  minute 
the  excess,  they  would  pass  from  the  system.  Leverrier  has 
shown  that  the  action  of  Jupiter  upon  Lexell's  comet  might  have 
changed  its  orbit  into  the  hyperbolic  form.  So  with  this  excess  of 
motion,  they  would  pass  into  another  system,  and  thus  pass  from 
system  to  system,  until  they  would  pass  so  near  some  planet  as  to 
have  their  orbit  reduced  to  the  parabola  or  ellipse. 

One  remark  with  regard  to  the  direction  from  which  they  come. 
Out  of  90  direct  comets,  there  were  57  which  came  from  the  south, 


122  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

and  33  from  the  north.     The  retrograde  comets  were  nearly  in  the 
same  proportion.     Out  of  94,  there  were  55  from  the  south,  and 
39  from  the  north.     This  difference,  however,  might  simply  be  the 
accident  of  observation. 
Adjourned. 

E.  N.  HORSFORD,  Secretary. 


Third  Day,  August  16,   1849. 

The  Association  met  in  general  session  at  10  o'clock,  a.  m.,  in 
Harvard  Hall.  After  reading  the  proceedings  of  the  previous 
day,  the  Association  proceeded  to  elect  the  following  members 
nominated  by  the  Standing  Committee  : — 

Hon.  Amos  Lawrence,  Dr.  William  Lawrence,  Amos  A. 
Lawrence,  Esq.,  Henry  Belknap,  Esq.,  and  Charles  Sumner, 
Esq.,  of  Boston  ;  Jacob  H.  Wurtz  and  Dr.  Thomas  Antisell,  of 
New  York  ;  William  S.  Clark,  Esq.,  of  Easthampton,  Mass. ; 
J.  B.  Allen,  Esq.,  of  Springfield,  Mass.  ;  Dr.  Charles  W. 
Short  and  Dr.  Schumard,  of  Louisville,  K}'. ;  William  P, 
Blake,  Esq.,  of  New  Haven  ;  and  Oliver  Carlton,  Esq.,  of 
Salem. 

The  following  Resolutions  were  offered  by  Prof.  Peirce  : — 

Resolved,  That  a  Committee  be  appointed  to  consider  the  prac- 
ticability of  introducing  a  universal  system  of  Scales  and  Stand- 
ards for  Scientific  Measurement. 

Resolved,  Tliat  this  Committee  be  directed  to  correspond  with 
other  societies  in  this  and  foreign  countries,  and  report  at  the  next 
meeting  of  this  Association. 

Resolved,  That  the  Secretar}^  of  the  Smithsonian  Institute  offi- 
ciate as  the  Chairman  of  this  Committee,  the  remainder  to  be  nom- 
inated by  the  Chair. 

After  some  remarks  upon  the  subject  of  these  resolutions  by 
Dr.  Boye,  of  Philadelphia,  they  were  unanimously  passed. 

The  Chair,  on  the  following  morning,  announced  as  associate 
members  of  the  committee.  Professors  Guyot,  Stanley,  A.  D. 
Bache,  and  Lieut.  Madry. 

The  Committee  of  Matliematicians  and  Astronomers,  nomi- 
nated by  the  Chair  to  act  upon  the  resolution  offered  by  Dr.  A.  D. 
Bache,  in  rehition  to  tlie  paper  of  Lieut.  Davis,  upon  the  subject 
of  an  American  Prime  Meridian,  was  then  unanimously  elected. 
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The  Committee  consisted  of  Prof.  A.  D.  Bache,  Sup't  U.  S.  Coast 
Survey ;  Lieut.  M.  F.  Maury,  Sup't  National  Observatory  ;  Prof. 
Barnard,  of  Alabama  ;  Prof.  Lewis  R.  Gibbes,  of  South  Carolina  ; 
Prof.  CouRTENAT,  University  of  Virginia ;  Prof.  S.  Alexander,  of 
Princeton,  N.  J.  ;  Prof.  Frazer,  University  of  Pennsylvania  ;  Prof. 
Anderson,  of  New  York  ;  Mr.  Mitchell,  of  Cincinnati ;  Prof.  Stan- 
ley, Yale  College  ;  Mr.  Mitchell,  of  Nantucket,  Mass. ;  Prof. 
LovERiNG,  University  at  Cambridge  ;  Prof.  Smyth,  Bowdoin  Col- 
lege ;  Prof.  WiNLOCK,  of  Kentucky  ;  Prof.  Coakley,  of  St.  James, 
Md.  ;  Prof.  Curley,  Georgetown  College  ;  Prof.  Fowler,  of  Ten- 
nessee ;  Prof.  Phillips,  of  North  Carolina ;  Prof.  Bartlett,  of 
West  Point ;  Prof.  Snell,  of  Amherst,  Mass.  ;  Lieut.  C.  H.  Davis, 
Sup't  Nautical  Almanac. 

To  this  Committee,  on  motion  of  B.  A.  Gould,  Jr.,  Prof.  Cas- 
well, of  Brown  Universit}',  was  added. 

The  Standing  Committee  reported  to  the  Association  the  recep- 
tion of  a  memorial  from  the  "  Mississippi  Association  of  Geol- 
ogy AND  State  History,"  stating  the  organization  and  objects  of 
their  Societ3\  The  Association  has  been  established  for  the  pur- 
pose of  developing  the  geological,  mineralogical,  and  paleontoloo-. 
leal  characters  of  Mississippi,  and  for  collecting  and  disseminatino- 
such  knowledge  among  the  citizens  of  the  State,  as  may  aid  in 
bringing  about  a  Geological  Survey  of  the  State  ;  and  asks  the  co- 
operation of  the  American  Association  to  advance  its  objects.  '  The 
Committee  earnestly  recommends  to  this  Association  their  unani- 
mous approval  of  the  objects  of  that  Society,  and  as  an  expression 
of  the  cordial  interest  felt  in  its  labors,  the  following  Resolution  : — 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  cordially  approves  of  the  establishment  of  Societies  for 
the  development  of  the  Geology  and  Natural  History  of  the  sev- 
eral States,  and  that  a  Committee  of  fifteen  be  appointed  to  mem- 
orialize the  State  Governments  which  have  had  no  geological 
surveys,  or  which  have  had  them  suspended,  on  the  importance 
and  necessity  of  establishing  or  resuming  them. 

On  the  next  day,  by  recommendation  of  the  Standing  Committee, 
the  following  gentlemen  were  unanimousl}^  elected  members  of  this 
Committee  : —  R.  W.  Gibbes,  M.  D.,of  Columbia,  S.  C. ;  Pres.  E. 
Hitchcock,  of  Amherst  College  ;  Prof.  H.  D.  Rogers,  of  Boston  ; 
Pi'of.L.AGASSiz, of  Cambridge, Mass. ;  Prof.  B.  Silliman,  Sen.,  of 
New  Haven,  Conn. ;  Dr.  S.  G.  Morton,  of  Philadelphia;  Dr.  C.  T. 
10 
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Jackson,  of  Boston  ;  Gov.  J.  W.  Mathews,  of  Jackson,  Miss. ;  Dr. 
G.  Troost,  of  Nashville,  Tenn.  ;  Prof.  William  B.  Rogers,  of 
Charlottesville,  Va. ;  J.  Hamilton  Cooper,  Esq.,  of  Darien,  Ga. ; 
T.  RoMEYN  Beck,  of  Albany,  N.  Y.  ;  Joseph  Delafield,  Esq.,  of 
New  York  ;  Prof.  Lewis  C.  Beck,  of  New  Brunswick,  N.  J. ;  Prof. 
Joseph  Henry,  of  Washington,  D.  C. 

An  invitation  was  received  from  Messrs.  Bond  for  the  members 
of  the  Association  to  visit  the  Observatory  on  either  of  the  remain- 
ing evenings  of  the  session. 

An  invitation  was  received  from  Mr.  and  Mrs.  Sparks,  to  meet 
at  the  President's  house  on  Friday  evening,  at  half-past  7  o'clock. 

Adjourned  to  meet  in  Sections. 

E.  N.  HORSFORD,  Secretary. 


Third  Day,  August  16,  1849. 
SECTION  OF  GENERAL  PHYSICS. 
The  meeting  being  called  to  order  by  Prof.  Johnson,  Prof.  A.  D. 
Bache  was  cliosen  to  preside  over  the  meeting  for  the  day.     Yes- 
terday's proceedings  of  the  Section  were  then  read  by  the  Secretary. 
The  first  communication  was  presented  by  Prof.  Horsford. 

On  the  Moisture,  Ammonia,  and  Organic  Matter  of  the 
Atmosphere.     By  Prof.  Horsford. 

Moisture.  The  observations  recorded  of  the  moisture  commenced 
on  the  last  da}^  of  Fel)ruary,  and  were  continued,  with  the  inter- 
ruption onl}'  of  Sunday,  until  the  12th  of  April,  and  thereafter 
occasionally  down  to  the  20lh  of  July.  They  were  hourly,  and 
numbered  on  some  days  as  high  as  eleven,  and  on  others  but  three 
or  four.  They  were  accompanied  by  notes  of  the  barometer,  the 
temperature  as  indicated  b\^  the  attached  and  external  thermome- 
ters, the  sky,  whether  cloudy  and  to  what  extent,  and  the  direction 
and  approximate  force  of  the  wind. 

The  method  employed  was  that  of  Brunner,  which  consists  of  an 
apparatus  for  transmitting  a  known  volume  of  atmospheric  air 
through  a  chloride-of-calcium  tube,  previously  and  subsequently 
weighed.  The  ditference  between  the  weights  before  and  after  the 
experiment  presents  the  amount  of  moisture  in  a  given  volume  of  air. 

Among  the  results  to  which  these  observations  have  conducted, 
the  following  may  be  mentioned  : — 
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1.  As  has  been  observed,  other  things  being  equal,  the  moisture 
is  in  general  proportion  to  the  temperature. 

2.  Slight  variations  of  temperature  are  not  accompanied  b}-  cor- 
responding variations  in  the  quantity  of  moisture. 

3.  Great  variations  in  the  quantity  of  moisture  may  take  place 
wliile  the  temperature  and  altitude  of  the  mercurial  column  remain 
constant.  The  quantity  of  moisture  has  even  doubled  in  the  course 
of  an  hour,  although  the  temperature  became  reduced. 

4.  As  a  general  remark,  the  moisture  on  the  same  day  seems  to 
depend  chiefly  on  the  direction  of  the  wind. 

5.  The  least  quantity  of  moisture  was  observed  during  a  N.  W.  or 
N.  N.  AV.  wind  :  the  largest  during  a  S.  W.  or  S.  S.  W.  wind. 

6.  The  former  occurred  on  the  r2th  of  March,  and  the  latter  on 
the  23d  of  June.  The  quantit}^  on  the  latter  day  was  to  that  on  the 
former  as  more  than  fifty  to  one. 

The pervieability  of  atmospheric  air  to  aqueous  vapor  was  a  subject 
of  experiment. 

A  half  gill  flask  containing  a  small  quantit}'  of  water  was  provided 
with  a  tube  bent  at  right  angles  and  connected  by  a  cork  covered 
with  sealing  wax.  A  similar  larger  flask,  containing  asmall  quantity 
of  concentrated  sulphuric  acid,  was  pi'ovided  with  a  similar  tube,  a 
foot  or  more  in  length,  which  was  connected  with  the  former  by 
caoutchouc.  The  observation  consisted  in  weighing  from  day  to  day 
the  flask  containing  water,  while  the  sulphuric  acid  flask  remained  at 
rest.  The  connection  during  the  weighing  was  interrupted  by  re- 
leasing the  caoutchouc  tube  from  the  water  flask.  The  weight  of  the 
water  diminished  daily  with  a  rapidit}^  proportioned  to  the  tempera- 
ture. The  suite  of  observations  was  continued  through  several 
months. 

The  '^striking  through"  as  it  is  termed,  of  ink  employed  in  writ- 
ing, has  been  observed  to  take  place  more  promptly  in  very  hot  than 
in  cooler  weather. 

A  piece  of  writing  paper  of  known  superficial  area  was  placed  iu 
a  glass  tube  closed  at  one  end,  and  weighed  from  day  to  day,  noting 
at  the  same  time  the  temperature.  It  was  found  to  weigh  more  as 
the  temperature  was  higher. 

The  quantity  of  Ammonia  in  the  air  was  determined  by  an  appa- 
ratus of  the  author's  construction.  The  object  in  view  in  the  arrange- 
ment of  the  apparatus  was  to  provide  that  the  air  should,  by  means 
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of  an  aspirator,  be  transmitted  througii  a  constantly  renewed  atmos- 
phere of  hydrochloric  acid  vapor.  To  this  end  a  series  of  tubes  con- 
taining asbestos  drenched  with  h^^drochloric  acid,  were  connected 
with  a  safety  tube,  which  was  connected  with  an  aspirator.  Through 
this  apparatus  a  known  volume  of  air  was  transmitted.  At  the  con- 
clusion of  the  experiment,  the  apparatus  was  thoroughly  rinsed  with 
distilled  water,  and  ihe  Ammonia  determined  in  the  usual  manner 
with  bichloride  of  Platinum. 

To  find  a  normal  atmosphere,  two  determinations  of  the  Ammonia 
were  made  from  the  end  of  Foster's  wharf,  Boston,  which  in  one  di- 
rection looks  out  upon  the  Atlantic,  during  the  prevalence  of  a  strong 
east  wind.  A  second  determination  was  made  in  a  court  called  the 
"Half  Moon,"  communicating  with  Broad  Street,  Boston,  an  area  of 
crescent  form,  about  180  feet  by  70  feet,  surrounded  by  brick  build- 
ings of  five  and  six  stories  in  height. 

In  these  buildings  it  was  estimated  there  were  not  less  than  a  thou- 
sand individuals,  most  of  whom,  in  extreme  poverty,  have  within  a 
few  months  arrived  from  Ireland.  This  localit^^  was  pointed  out  by 
one  of  the  Assistants  of  the  City  Marshal,  in  reply  to  the  request 
that  he  would  direct  to  the  worst  habitable  part  of  the  cit}'.  In  the 
centre  of  the  court  were  the  common  vaults  and  sinks  serving  this 
large  population.  The  atmosphere  of  this  court,  which  was  offensive 
in  a  high  degree,  was  not  found  to  be  distinguished  on  account  of 
its  Ammonia,  above  that  of  the  ocean  in  an  east  wind. 

Two  determinations  were  made  in  Cambridge,  one  during  the 
prevalence  of  an  east  wind,  the  other  during  a  west  wind. 

The  quantities  of  Ammonia  in  the  east  wind,  as  ascertained  from 
the  above  determinations,  varied  ver^'  considerably  from  each  other. 
Great  care  was  taken  in  the  preparation  of  the  reagents  employed, 
and  the  Ammonia  in  the  hydrochloric  acid,  water  and  bichloride  of 
Platinum  was  previously  ascertained.  Still  such  was  the  discrepancy 
between  the  author's  results,  that  he  forbears  a  statement  of  the 
quantities  ascertained,  only  so  far  as  to  remark,  that  they  very 
greatly  exceed  those  obtained  b}'^  Fresenius  in  his  recent  determi- 
nations at  Wiesbaden. 

Organic  matter  has  been  observed  in  the  air  by  several  scientific 
men.  Henry  and  Chevallier  have  detected  acetic  acid,  and  probably 
hippuric  acid,  in  the  atmosphere  of  a  stable. 

On  transmitting  a  large  volume  of  air  through  the  Ammonia  appa- 
ratus, supplied  with  hydrochloric  acid,  and  evaporating  in  Platinum 
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over  n  water  bath  to  dryness,  and  igniting  the  products  of  a  thorough 
rinsing,  noblackness  was  observed.  On  transmitting  a  similar  large 
volume  through  a  similar  apparatus  supplied  with  caustic  Potassa, 
previously  found  to  be  free  from  organic  matter,  and  treating  as 
above,  the  residue  blackened.  This  goes  to  show,  as  far  as  a  single 
result  may,  that  the  organic  effluvia  in  the  air  are  of  acid  character. 

An  instrument  was  presented  for  determining  the  relative  quanti- 
ties of  Ozone  in  the  air  at  different  times.  It  consisted  of  a  tube,  con- 
taining at  one  end  a  plug  of  Asbestos,  moistened  with  a  solution  of 
Iodide  of  Potassium  and  starch.  This  plug  within  the  tube  attached 
to  the  aspirator,  would,  as  air  passed  over  it,  become  blue.  If  much 
water  flowed  from  the  aspirator,  and  of  course  much  air  flowed  over 
the  Asbestos,  before  it  became  blue,  the  quantity  of  Ozone  indicated 
would  be  small.  If  but  little  water  flowed  (and  this  could  be  meas- 
ured) the  quantity  of  Ozone  indicated  would  be  greater.  The  quan- 
tities of  Ozone  would  be  inversely  as  the  volumes  of  air  passing 
through  the  tube  before  blueuess  is  produced. 

This  communication  gave  rise  to  an  animated  discussion,  in  which 
Mr.  Hunt,  Professors  Henry,  Caswell,  Bote,  Horsford,  Hare, 
and  others  took  part. 

Prof.  Henry  remarked  that  he  was  much  interested  in  the  experi- 
ment of  Prof.  Horsford,  in  which  vapor  was  shown  to  pass  through  a 
tube  filled  with  air.  It  is  well  known  that,  according  to  the  theory 
of  Dalton,  air  and  vapor  are  vacuums  to  each  other.  This  theory 
is  certainly  in  accordance  with  all  the  statical  phenomena  of  the  dif- 
fusion of  vapor,  but  does  not  as  well  represent  the  dynamic  effects. 
So  great  is  the  resistance  to  diffusion  through  a  narrow  tube,  that 
Prof.  Espy  has  concluded  that  the  theory  is  incorrect,  and  that  dif- 
fusion of  vapor  cannot  take  place  without  the  aid  of  a  current  of  air. 
Prof.  Horsford's  experiment  proves  that  a  diffusion  does  take 
place  through  a  tube,  but  in  this  case  the  force  of  diffusion  may  be 
considered  a  maximum. 

If  the  force  is  much  less,  the  effect  does  not  take  place.  Several 
years  ago  I  placed  a  small  quantity  of  water  in  a  retort,  and  joined 
the  beak  of  this  to  the  open  beak  of  another  retort  filled  with  air. 
The  retort  containing  water  was  placed  within  a  room  keptconstantly 
at  a  mean  temperature  of  about  65°,  while  the  body  of  the  other 
retort  was  without  a  window,  and  constantly  at  a  mean  temperature 
of  not  more  than  40°.  Though  the  apparatus  was  suffered  to  remain 
thus,  during  a  whole  winter,  not  a  single  drop  of  water  passed  over. 
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The  force  of  diffusion  due  to  the  difference  of  tension  in  the  two 
retorts  was,  in  this  case,  too  small  to  overcome  the  resistance  of  the 
atoms  to  a  passage  between  each  other. 

Prof.  Caswell,  of  Brown  University',  remarked  that  he  had  been 
much  gratified  with  the  paper  of  Prof.  H.  The  question  of  moisture 
was  one  of  great  importance  in  Meteorology',  and  he  begged  leave  to 
occupy  the  attention  of  the  Section  for  a  few  moments  in  stating  a 
few  results  of  his  own  recent  observations.  The  quantit}'  of  mois- 
ture, as  indicated  by  his  own  observations,  confirmed  the  statements 
of  Prof.  H.  in  not  varying  with  the  temperature.  It  sometimes 
remained  stationary  while  the  temperature  A'aried  through  a  pretty 
wide  range  ;  and  it  often  occurred  that  the  dew  point /eZZ  while  the 
temperature  was  rzs/??^.  He  recollected  that  on  the  15th  of  July, 
wiien  the  air  was  remarkably  dry,  the  dew  point  varied  from  43°,  at 
7  A.  M.,  to  42°,  at  1  p.  M.,  while  the  thermometer  varied  from  56° 
to  74°.  On  the  31st  of  Jul}^  when  the  air  was  very  damp,  the  dew 
,  point  varied  at  the  same  hours,  from  69°  to  72°  while  the  thermom- 
eter passed  from  74°  to  87°.  In  the  former  case,  the  evaporation 
went  on  with  extreme  rapidit}'.  The  surface  of  the  earth  became 
almost  as  dry  as  if  it  bad  been  baked  in  an  oven  :  vegetation  withered 
and  suffered  extremely  ;  while  on  the  latter,  the  evaporation  was 
very  moderate,  and  vegetation  scared}'  suffered  at  all  from  the  heat. 

The  question  of  the  dew  point  was  highly  important  in  explaining 
many  meteorological  phenomena.  He  had  remarked,  as  doubtless 
all  others  had,  whose  attention  had  been  directed  to  the  subject, 
that  this  point  was  determinable  with  great  precision.  He  had  of- 
ten observed  that  the  deposition  took  place  quite  copiously  at  a 
given  temperature,  while  at  one-half  of  a  degree  of  Fahrenheit  higher 
no  precipitation  at  all  was  perceptible.  When  the  dew  point  and 
temperature  were  very  near  together,  itrequired  but  slight  reduction 
of  temperature,  perhaps  hardly  noticeable  b}'^  the  feeling,  to  fill  the 
air  with  fog.  Ever}'  astronomical  observer  must  have  often  re- 
marked the  transition,  sometimes  in  the  course  of  a  few  minutes, 
from  a  clear  sk}'  to  one  entirely  covered  with  vapor  b}'  this  process 
of  condensation,  in  a  region  of  air  but  little  above  him,  where  the 
temperature  had  fallen  down  to  the  dew  point. 


On  the  Relation  between  the    Elastic   Curve   and  the  Mo- 
tion OF  THE  Pendulum.     By  Pkof.  Peiuce. 
On  this  subject  Prof.  Peirce  remarked,  that  the  relations  discov- 
ered merely  by  intellectual  investigations,  and  not  observed  by  the 
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senses,  are  of  peculiar  interest,  as  manifesting  the  fact  that  one 
intellect  presides  over  the  production  of  these  phenomena. 
Could  we  see  in  the  moon  a  house  like  our  own,  we  should  say  that 
it  was  built  b}^  men  like  ourselves,  having  similar  wants,  and 
using  similar  means  to  suppi}'  them,  and  we  should  sa3'  that  the 
same  being  who  formed  our  minds  created  theirs  also.  We  can- 
not make  such  observations,  but  we  may  trace  relations  between 
objects  with  which  we  are  familiar,  which  lead  us  to  similar  results. 

At  present,  the  discovery  of  these  relations  has  been  very  much 
confined  to  those  subjects  to  which  mathematics  apply.  He  would 
call  attention,  at  this  time,  to  the  similarity  between  the  problems 
of  the  elastic  curve  and  the  pendulum.  The  external,  sensible 
phenomena  were  very  dissimilar,  but  intellectuaUy  they  are  the 
same,  and  the  same  principle  is  applicable  to  the  solution  of  each. 

The  elastic  curve  is  that  formed  bj'^  an  elastic  rod  bent  from  its 
direction.  The  tendency  of  the  rod  to  restore  itself  is  propor- 
tioned to  the  amount  by  which  it  is  bent  from  a  straight  line. 
The  square  of  the  velocitj'^  of  the  pendulum,  when  starting  from 
a  state  of  rest,  is  proportioned  to  the  space  through  which  it  falls. 

He  then  developed  the  equations  derived  from  these  principles, 
and  showed  them  to  be  identical.  The  very  same  formula  was 
applicable  to  the  solution  of  the  two  problems,  although  different 
designations  must  be  given,  in  the  two  cases,  to  the  letters  in- 
volved in  the  formula.  The  letters  which  denoted,  in  the  problem 
of  the  elastic  curve,  the  angular  deviation  from  the  primitive  di- 
rection of  the  straight  rod,  the  actual  removal  from  the  primitive 
position  and  the  length  of  the  rod  were,  in  the  case  of  the  pen- 
dulum, respectively  the  angular  deviation  from  the  statical  posi- 
tion, the  velocity  and  the  time.  The  intellectual  phenomena  were 
precisely  the  same  in  both  problems,  but  had  a  difference  of  mate- 
rial form,  corresponding  to  this  difference  of  notation. 

The  details  of  the  external  phenomena  of  the  elastic  curve  and 
the  pendulum,  are  perfect  counterparts  of  each  other  in  all  their 
peculiarities.  The  pendulum  cannot  be  made  to  vibrate  in  less  than 
a  given  time,  however  small  the  arc  through  which  it  passes.  But 
as  3'ou  may  make  the  elastic  rod  as  short  as  you  please,  what  resem- 
blance is  there  to  be  found  in  the  two  cases  ?  It  is  true  that  the  rod 
maybe  as  short  as  you  please,  but  it  will  not  be  bent  into  the  elastic 
curve  with  a  given  force,  unless  it  sui'passes  a  certain  given  length. 
According  to  the  greater  velocity-  given  to  it,  the  pendulum  moves 
from  a  state  of  rest,  vibrating  in  a  greater  arc,  till  at  length  it 
may  be  started  so  rapidly,  as  to  turn  completely  over,  in  which 
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case  the  motion  will  always  continue  in  the  same  direction.  In 
the  same  way  the  elastic  curve  may  bend  back  and  forth  in  a  tor- 
tuous course,  or  by  a  great  increase  of  force  it  would  pass  round 
and  round  without  any  point  of  contrar^^  flexure.  But  whereas 
the  motion  of  the  pendulum  is  perfectly  monotonous,  the  variety 
in  tiie  forms  of  the  elastic  curve  is  curious  and  interesting.  The 
straight  line,  the  circle,  and  a  form  similar  to  the  figure  8,  are  dif- 
ferent examples  of  the  elastic  curve,  and,  intermediate  between 
these  simple  cases,  are  other  forms  singular  in  their  grace  and 
apparent  complexity,  and  not  dissimilar  to  some  of  the  patterns 
of  borders  of  lace  work.  The  case  of  the  pendulum,  moving  with 
just  that  velocity  which  would  cany  it  up  to  the  state  of  rest,  has 
its  appropriate  type  in  the  elastic  curve.  The  infinite  time  which 
would  here  be  required  for  a  single  semi-vibration  corresponds  to 
the  infinite  length  of  the  elastic  rod,  which  should  extend  from 
the  point  of  contrary  flexure  to  that  of  greatest  curvature. 

These  remarks  were  illustrated  by  diagrams,  which  are  neces- 
sary to  develop  their  full  beauty. 


Chemical  Examination  of  Gorgonia  antipathes.     By  B.   Sil- 

LIMAN,   Jr. 

Since  my  researches  on  the  chemical  constitution  of  Calcareous 
Corals,  which  have  been  published  in  Dana's  Zoophytes,  I  have 
ever  intended  to  extend  my  researches  to  that  family  of  Zoo- 
phytes having  woody  or  elastic  stems,  and  covered  with  a  crust 
more  or  less  calcareous. 

Latel}'  I  have  had  an  opportunity  to  commence  an  examination, 
not  yet  complete,  on  the  stems  of  Gorgonia  antipathes,  of  Ber- 
muda. I  present,  at  present,  only  a  brief  summarv  of  the  results 
already  obtained. 

The  wood  stem  yields,  on  incineration,  about  6  per  centum  of  ash. 
A  large  part  of  this  ash  is  soluble  in  water.  The  small  remainder, 
insoluble  in  water,  is  entirely  taken  up  by  hydrochloric  acid.  Quali- 
tative examination  detected  the  following  substances,  namely : — 

Potash,  Soda,  Lime,  Magnesia,  Iron,  Chlorine,  Bromine,  Iodine, 
Sulphuric,  Phosphoric,  Carbonic  and  Silicic  acids.  The  reactions 
for  Chlorine  and  Bromine,  were  very  distinct  in  the  aqueous  solu- 
tion, but  Iodine  could  not  be  thus  detected,  because  of  the  very 
large  proportion  of  Bromine.  It  was,  however,  obtained  by 
means  of  reaction  with  Bisulphate  of  Potash. 
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An  approximate  quantitative  analysis  yielded  tlie  following  re- 
sults, omitting  fractional  parts. 

Chlorine 14.0 

Bromine 35.0 

Iodine 13.0 

Phosphoric  acid .3 

Sulphuric       " 3.0 

Carbonic        " -3 

Silicic  " 5 

Potassium 1.6 

Sodium            19.0 

Magnesium 2.0 

Lime 4.5 

Besides  Sand  and  Charcoal 3.6 


96.8 


The  proportions  above  given  are  only  approximations,  and  need 
further  confirmation  b}^  numerous  analyses.  We  are  struck  at  once 
b}^  the  very  large  proportion  of  Bromine,  which,  with  the  Iodine, 
covers  nearly  half  the  entire  amount  of  the  inorganic  constituents. 
Unlike  the  stony  corals,  these  woody  ones  have  a  very  inconsiderable 
amount  of  Carbonate  of  Lime,  and  the  Phosphoric  acid  is  far  less 
than  might  have  been  expected.  The  Fluorine  could  be  detected 
in  the  ashes  of  this  portion. ^  The  exterior  crust  of  this  species 
will  afford  very  different  results  from  the  stem  now  presented  ;  and 
these,  together  with  more  complete  analyses  of  the  present  subject, 
I  shall  hope  to  have  the  pleasure  of  presenting  at  the  next  session 
of  this  body. 


On  "Indianite"  of  Count  Bournon,  and  on  the  American 
Mineral  which  has  been  distributed  under  the  same  Name. 
By  B.  Silliman,  Jr. 

This  species,  which  has  been  associated  with  Anorthite  by  our 
best  mineralogists,  is  a  massive  granular  mineral  resembling,  in 
general  appearance,  a  Dolomite,  but  easily  distinguished  by  its  great 
hardness.     It  forms  the  gangue  of  the  Corundum  in  the  Carnatic, 

iWe  are  particularly  struck  by  the  very  low  amount  of  bases  which  yet  remains  to 
be  accounted  for. 
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and  was  first  distinguished  b^^Count  Bournon,  who  named  it  in  ref- 
erence to  its  oriental  origin.  Its  color  is  whitish  to  red,  or  reddish 
yellow  and  gray.  Hardness,  7  to  7.25.  Sp.  Gr.  2.668.  It  gelatin- 
izes in  acids  completely.  Before  the  blowpipe  it  is  infusible. 
This  species  was  analyzed  by  Langier  and  Chevenix,  who  found  it 
to  consist  of 

Silica 42.00 

Alumina •     .     .     .     34.00 

Perox.  Iron 3.20 

Lime 15.00 

Soda 3.25 

Moisture 1.00 

98.45,  Langier. 

I  was  led  to  examine  this  mineral,  in  consequence  of  its  close 
resemblance  in  physical  characters  to  an  American  mineral  associ- 
ated with  the  Corundum  of  Pennsylvania,  and  which  has  attracted 
the  attention  of  our  collectors,  who  have  distributed  it  under  the 
name  "  Indianite."  The  result  will  show  that  the  two  things  are 
completely  distinct,  although  both  belong  to  well  known  species. 

The  alkaline  constituents  were  calculated  on  the  results  of  a  solu- 
tion in  chlorohydric  acid.  The  Silica  and  other  constituents  were 
determined  from  an  alkaline  fusion. 

Quantity  taken  1.594  grm. 
Silica     ....     42.09     .6710r=Oxygen  ratio  21.869     4=zl2'_Si 

Alumina  and  Iron     38.89     .6200 17.610     3  .  9  Al 

Lime     ....     15.78     .2516  ) 

Soda     ....       4.08     .0651  I       .     .     .     .     5.292     1  .  3   R 


100.84  1.6077 

The  ratio  Ri^  1^9  r  gives  us  the  formula.  W  Si  +  3A1  Si. 
This  is  exactly  the  formula  for  Anorthite. 

The  American  mineral  which  has  received  the  name  Indianite 
at  the  hands  of  collectors,  we  shall  now  find  to  be  quite  another  thing. 
This  mineral  is  compact  and  granular,  forming  beds  in  chromic  iron 
districts,  and  detached  boulders  in  the  corundum  region.  It  is  found 
both  at  Unionsville,  Pa.,  and  in  man}'  places  in  Lancaster  Count}'. 
It  is  reraarkalily  tough  under  the  hammer,  and  so  hard,  7  to  7.25, 
as  to  offer  a  serious  difficulty  in  the  quarry.  Its  fracture  is  even 
crystalline,  grains  small,  resembling  Dolomite.  Sp.  Gr.  2.619. 
Completely  unaltered  in    strong  acids.     Before  the   blowpipe   it 
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gives  no  reaction  for  Soda;  but  this  instrument  detects  in   it,  Sil- 
ica, Alumina,  Lime,  and  a  trace  of  Iron. 

Two  analyses  were  made  upon  two  specimens  from  different  lo- 
calities. For  the  Alkaline  constituent,  tlie  mineral  was  fused  with 
Carbonate  of  Baryta.  The  Silica  was  determined  from  a  separate 
portion  in  the  ordinar}'  method. 

First  analysis  of  variety  from  Lancaster,  Pa.  Quantity  taken 
=  1.234  grms. 

.8225z=per  cent.  66.653 
.2565  "       "  20.786 

.0253  "       "  2.050 

.0071  "       "  0.571 

.1155  "       "  9.360 


Silica     . 

Alumina 

Lime 

Magnesia 

Soda 


1.2269  99.420 

Second  analysis  of  a  specimen  from  Union ville,  Pa.,  sent  to  me 
by  L.  White  AVilliams,  of  West  Chester.  Quantity  taken,  2.180 
grms. 


Silica     .     . 

.     1.4575= 

^er  cent. 

66.857 

Alumina     . 

.4772  " 

21.889 

Lime      .     . 

.       .0389  " 

1.785 

Magnesia    . 

.0105  " 

0.481 

Soda       .     . 

.1914  " 

8.779 

Water     .     . 

.0105  " 

.481 

2.1860  100.272 

It  is  unnecessary  to  educe  a  formula  from  these  analyses,  as  it 

is  obvious  at  a  glance  that  we  have  only  a  granular  Allite.     The 

constituents  of  an  Allite  are  : 

Silica 66.11 

Alumina 18.96 

Protox.  Iron 0.34 

Lime 3.72 

Soda 9.24 

Potash 0.57 


98.84 
Prof.  S.  also  made  a  verbal  statement  in  reference  to  the  optical 
properties  of  the  Mica  of  Grafton,  New  Hampshire,  and  from  other 
localities.     He  showed  quartz  compressed  to  a  uniform  thinness 
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between  the  laminte  of  Mica,  and  also  tourmaline  compressed  in  the 
same  manner,  which  showed  beautifully  under  the  light  from  a 
Nichol's  Prism. 


Analyses  of  "Green  Picrolite,"  and  "Slaty  Serpentine,"  so 

CALLED,    FROM    TeXAS,    LANCASTER     CoCNTY,    Pa.       By    B.    SiLLI- 

MAN,  Jr. 

The  analysis  of  these  substances  showed  their  identity  with  com- 
mon Serpentine,  and  with  the  massive  variety  of  the  same  mineral 
called  "Williamsite,"  b}^  Prof.  Shepard.  The  small  quantity  of 
Alumina  which  they  contain  does  not  remove  them  from  the  formula 
of  Serpentine  when  the  results  of  the  analyses  are  properly  calcu- 
lated. 

The  analyses  gave  the  following  result : — 

I.  ir.  in. 

"Green  "Slaty  Shepavd's 

Picrolite."    Serpentine."  "Williamsite." 

Silica 44.250  44.58  45.40 

Alumina 4.903  3.03  8.50 

Perojxd  Iron  and  Protoxyd  6.15 

Protoxyd  Iron 3.670 

Magnesia        34.000  3-4.51  33.60 

Nickel .690  traces.  traces. 

Water 12.320  12.38  12.50 

Mean  of  five  analyses  .  .  .  99.833  100.65  100.00 
The  last  anal^'Sis  is  quoted  from  Professor  Shepard's  account  of 
his  AVilliarasite,  in  American  Journal  of  Science,  Vol.  VI,  j^-  250, 
Second  Series.  It  was  suggested  that,  in  all  probability,  the  Alum- 
ina in  this  last  analysis  contained  a  portion  of  iron,  as  it  equals  the 
sum  of  the  Alumina  and  Iron  in  the  other  analyses.  It  is  not  easy 
to  decide  with  precision  how  much  of  the  iron,  in  these  minerals 
exists  as  protoxyd,  but  reactions  for  both  are  obtained  in  the  "Sla- 
t}'  Serpentine."  Serpentine  can  hardly  be  regarded  as  a  simple 
mineral,  and  must  vaiy  in  composition  to  a  degree  not  allowable 
in  a  ciystallizable  substance. 

Gadolonite  in  New   York. 
Prof.  S.  announced  that  the  mineral  found  in  granite  in  Monroe, 
Orange  county.  New  York,  and  known  as  "AUanite,"  had  given 
him  the  characters  belonging  to  Gadolinite,  which,  as  is  well  known, 
contains  about  50  per  cent,  of  the  rare  earth  Yttria. 
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Remarks  on  Terrestrial  Thermotics.     By  Lieut.  E.  B.  Hunt, 
U.  S.  Corps  of  Engineers. 

Few  facts  are  established  by  more  incontestable  evidence,  than 
that  the  temperature  at  the  earth's  surface  was  much  higher  in  its 
earl}^  geological  periods  than  at  present.  To  account  for  this,  on 
established  physical  principles,  and  without  the  use  of  precarious 
hypotheses,  has  not  yet  been  so  completely  effected,  as  justly  to 
preclude  further  etforts.  My  present  purpose  is  to  state  a  mode 
of  explanation,  which  seems  to  me  more  based  on  facts  and  con- 
formed to  Nature,  than  those  hitherto  suggested. 

If  we  commence  with  the  alluvial,  and  return  chronologically  to 
the  primary  formation,  we  find  constant  proofs  that  the  earth's 
original  atmosphere  has  been  continually  contributing  to  the  solid 
strata  of  the  terrestrial  crust.  The  aggregate  amount  thus  with- 
drawn, during  the  immense  train  of  ages  since  oi'ganic  life  first  ap- 
peared on  the  earth,  is  obviously  very  great.  Oxidations  and  other 
chemical  combinations,  with  the  ceaseless  processes  of  vegetable 
and  animal  nutrition,  have  been  slowly  but  effectively  bearing  down 
the  earth's  gaseous  envelop  into  its  solid  masses.  The  coal  meas- 
ures, especially,  present  an  aggregate  of  matter  originally  atmos- 
pheric, which  if  now  disengaged  and  restored  to  our  present 
atmosphere,  would  very  much  increase  its  total  amount  or  baro- 
metric indication.  Coal  beds,  peat  formations,  humus  or  geine, 
coral  reefs,  all  carboniferous  and  fossiliferous  rocks,  have  derived 
portions  of  their  substance  from  the  original  atmosphere.  If  we 
suppose  the  history  written  in  the  earth's  table  of  stone  to  be  re- 
versed, until  we  reach  those  times,  when  tropical  vegetation  grew 
in  circumpolar  localities,  we  shall  find  the  corresponding  atmos- 
pheric mass  much  greater  than  at  present,  and  far  more  charged 
with  carbonic  acid.  Whether  our  present  advances  in  geology 
permit  a  moderately  accurate  estimate  of  the  barometric  indica- 
tions, corresponding  to  the  successive  geological  epochs,  I  know 
not,  but  a  respectable  approximation  seems  not  unattainable. 

Now  the  etfect  of  a  diminishing  atmospheric  mass  would  be  a 
diminishing  temperature  at  the  earth's  surface.  Barometric  read- 
ings of  fifty  and  thirty  inches  would  correspond  to  very  different 
temperatures,  just  as  we  observe  perpetual  snow  on  mountain  tops, 
overlooking  plains  always  temperate  or  torrid.  As  we  ascend  in 
the   atmosphere,  the  temperature  constantly  diminishes  with  the 
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pressure,  abstraction  being  made  of  all  disturbing  causes.  If  we 
assume  an  empirical  formula,  with  a  barometric  variable,  to  repre- 
resent  the  variations  of  temperature  experimental!}'  determined, 
along  a  vertical  through  the  present  atmosphere,  and  apply  it  to  the 
larger  and  heavier  atmosphere  of  former  epochs,  the  tempeiature  at 
the  earth's  surface  will  be  found  to  augment  with  the  total  baromet- 
ric column,  independent  of  all  special  hypothesis.  It  is  observ- 
able that  this  increase  will  be  uniform  over  the  earth's  surface, 
while  the  variable  heat  due  to  the  sun's  local  actions  must  have  been 
always  essentially  as  it  now  is.  Thus  the  climate  of  former  periods 
would  be  more  equable  and  uniformly  torrid  than  at  present. 

In  short,  the  ancient  higher  temperature  of  the  earth's  surface 
seems  to  follow,  necessarily,  from  the  simple  facts,  that  the  ancient 
atmosphere  was  more  voluminous  and  heavy  than  the  present,  and 
that  the  temperature  and  pressure  var}'  together.  This  view  by  no 
means  conflicts  with  that  of  original  incandescence,  but  seems  to 
render  it  superfluous  in  this  connection.  It  presents  a  cause  appar- 
ently equal  to  the  production  of  the  effect,  and  free  from  that  hypo- 
thetical and  accidental  chaiacter  belonging  to  the  theory  of  progres- 
sive cooling  from  an  original  fusion.  The  immense  period  of  time 
whicli  has  elapsed  since  vegetation  commenced  on  the  earth, 
would  seemingly  have  produced  a  far  greater  amount  of  terrestrial 
cooling  than  the  observed,  if  the  earth  be  regarded  merely  as  a 
heated  sphere  in  a  cold  space. 

A  special  study  of  molecular  forces  and  material  constitution  has 
presented  to  my  mind  the  chief  facts  of  terrestrial  thermotics,  under 
a  beautiful  and  novel  phase.  The  fact  of  a  constant  increase  of  tem- 
perature from  the  outer  limit  of  the  atmosphere  to  the  earth's  centre, 
by  a  rate  increasing  with  the  density'  of  the  stratum  ;  what  Fourier 
and  Poisson  call  the  heat  of  space  ;  the  foimer  higher  temperature 
at  the  earth's  surface  ;  lliese  all  follow  by  mathematical  deduction 
from  a  few  simple  data,  already  generalh'  accepted,  and  appear  as 
direct  static  consequences,  or  as  necessary  pa  rtsofexisting  terrestrial 
equilibrium,  not  less  than  the  tides  or  flow  of  rivers.  The  primary 
data  are  those  of  Franklin's  electrical  theory,  as  corrected  by  Epinus, 
and  the  resulting  view  of  material  constitution,  somewhat  like  that 
presented  by  Mossotte,  though  he  has  failed  to  notice  an  important 
force  of  repulsion  which, on  these  data,  must  act  between  adjacent 
molecules.  In  these  discussions,  the  ether  of  physical  optics  enters 
largely  ;   the  molecules  of  bodies  being  indeed  atoms  with  ether 
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atmospheres,  which,  in  the  composition  of  bodies,  rest  in  those  posi- 
tions of  equilibrium  which  result  from  the  entire  action  of  the  pri- 
mary forces. 

Gravitation  between  separate  massesthns  appears  the  resultant  of 
four  distinct  primary  forces,  all  varying  inversely  as  the  square  of 
the  distance.  These  forces  are  so  related,  that  particles  of  ether, 
exterior  to  the  earth,  are  subject  to  a  direct  attraction  or  gravitation 
towards  its  centre.  It  will  be  found  that,  if  the  data  of  Epinus,  as 
used  by  Mossotle,  be  true,  either  must  be  ponderable;  a  remark 
most  proliHc  in  consequences,  but  which  I  can  now  only  state  briefly, 
and  without  development. 

Ether,  being  composed  of  mutually  repelling  particles,  is  an  elas- 
tic fluid,  and  obeys  the  established  laws  of  all  elastic  fluids.  Ether 
and  heat,  or  caloric,  I  shall  regard  as  identical,  having  found  a 
range  of  correspondences  so  extensive,  simple,  and  uniform,  that 
doubt  has  gradually  vanished  before  them.  The  temperature  at  any 
point  is  the  elastic  ether  tension  which  would  exist  in  a  bulb,  con- 
taining molecular  vacuum  when  placed  at  that  point.  By  treating 
ether  or  heat  as  a  ponderable  elastic  fluid,  the  general  facts  of  ther- 
motics,  common  and  terrestrial,  are  deductively  explained  in  a  sim- 
ple and  beautiful  manner.  Central  heat,  for  instance,  follows  as  a 
partof  present  terrestrial  equilibrium,  instead  of  being  the  residuum 
of  a  fusion,  existing  some  myriads  of  years  since,  or,  as  Foissonhas 
imagined,  of  the  absorbed  portion  of  a  high  heat  in  a  region  of  space 
through  which  the  solar  system  once  passed.  If  we  suppose  the 
earth's  mass  now  suddenly  cooled  to  zero  in  all  its  parts,  its  grav- 
itating force  would  rapidly  draw  in  ether  from  space,  until  the  pres- 
ent state  of  things  should  be  restored.  That  which  has  been  called 
the  heat  of  space  is  fully  represented  by  an  ether  atmosphere  which 
must  exist,  if  ether  be  ponderable.  This  must  extend  much  higher 
than  the  aereal  atmosphere,  blending  flnally  with  that  stationary 
ether  of  space  shown  to  be  limitless  by  the  transmission  of  luminous 
waves  from  the  fixed  stars.  Its  law  of  variation  in  density  along 
a  vertical,  is  transcendental,  like  that  of  the  air.  Now,  if  the  data 
of  Epinus  be  correct  and  universal,  such  an  atmosphere  must  exist ; 
and  if  it  exist,  it  seems  to  me  intimately  connected  with  auroral, 
magnetic,  and  other  meteorological  phenomena.  The  currents  due 
to  the  earth's  rotation  and  translation,  through  the  ether  of  space, 
are  subjects  of  interesting    speculation. 

The  ideas  that  ether  is  ponderable  and  identical  with  heat  seemed 
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at  first  to  conflict  with  fact,  experiment  sliowing  no  dependence  of 
the  weight  of  bodies  on  their  temperatures.  But  furtlier  examina- 
tion showed  that  tlie  quantity  of  ether  displaced  between  the  most 
distant  temperatures  we  can  command,  is  but  an  insensible  fraction 
of  the  entire  amount,  entering  into  the  constitution  of  any  mass. 
The  apparent  conflict  thus  disappears. 

The  defects  and  contradictions  of  the  views  in  phj'sical  thermotics, 
presented  by  La  Place,  Fourier,  Poisson,  Kelland,  and  others  ;  their 
marked  want  of  unity  in  one  clear  idea  of  what  heat  really  is  ;  the 
confessed  insufficiency  of  every  thing  yet  presented,  to  cover  the 
whole  ground  of  facts  ;  and  the  great  importance  of  arriving  at  more 
consistent  and  tangible  conceptions  on  this  widely  extended  subject, 
should  certainly  stimulate  a  more  thorough  study  of  the  cardinal  fea- 
tures of  common  and  terrestrial  thermotics  than  has  yet  been  made. 
What  is  now  needed  is  a  clearer  insight  into  the  primary  nature  of 
heat.  The  subject  requires  the  aid  of  intelligent  mathematical  in- 
vestigation, the  first  step  of  which  must  be  the  assumption  of  data, 
lieasoning  will  soon  bring  these  either  into  conflict  or  harmon3'  with 
established  facts,  thus  disproving  or  proving  their  original  correct- 
ness. The  case  is  not  appropriate  to  simple  induction,  but  demands 
mathematical  deduction  from  assumed  premises.  In  assuming 
these  premises,  the  simplest  and  those  best  sustained  by  analogies 
and  known  facts,  are  most  likely  to  prove  true  ;  this  prestige  be- 
longs eminently  to  those  of  Epinus. 

Neither  should  the  mind  be  embarrassed  with  questionings  about 
the  materiality  of  ether.  All  tliat  we  can  knowof  matter  of  any  kind 
is,  that  certain  forces  act  from,  on,  and  in  its  ultimate  units.  This 
description  applies  to  particles  of  ether,  not  less  than  to  platinum 
atoms,  as  is  shown  by  tiieir  action  in  luminous  undulations  and  in 
resisting  comets.  I  have  found  much  gain  in  coming  to  a  clear, 
simple  conception  of  a  particle  of  ether  ;  seeing  it  as  a  solid,  defined 
volume,  impenetrable,  indefinitely  smaller  than  an  atom,  jwssessing 
inertia,  being  both  a  source  arid  recipient  of  incessant,  radiant,  ema- 
native  force.  ' 

A  medium,  composed  of  such  particles,  is  highl}'  elastic,  and  fol- 
lows all  the  established  laws  of  elastic  fluids;  a  form  of  law  well 
known  to  apply  to  the  conduction  of  heat.  The  study  of  a  wide 
range  of  special  cases  and  laws,  convinces  me,  tliat  iieat,  in  all  its 
phases  and  offices,  is  but  tliis  elastic  ether,  in  rest,  in  flowing  motion 
or  in  transmitting  undulation.     Local  temperature  simply  measures 
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local  ether,  density,  or  elastic  tension.  Heat,  disengaged  b}'  pres- 
sure, is  ether  forced  from  the  molecular  atmospheres  of  the  com- 
ponent mass,  like  water  from  a  sponge.  Conduction  of  heat  is  the 
flow  of  ether  among  molecules,  like  wind  through  a  forest  or  pile 
of  balls.  Latent  heat  is  the  ether  of  molecular  atmospheres  con- 
fined by  the  attraction  of  the  atomic  nuclei.  Radiant  heat  is  ether 
transmitted  by  undulations  in  an  ether  medium  ;  light  being  ether 
undulations  of  a  different  kind,  unattended  with  actual  translation 
of  the  vibrating  medium. 

In  brief,  by  assuming  the  data  of  Epinus,  exactl}^  as  used  by 
Mossotte,  we  find,  first,  that  a  molecule  is  an  atom  with  an  ether 
atmosphere,  ver^'  dense  at  its  surface,  and  its  radial  decrease  of 
density  following  a  transcendental  law.  That  the  various  phenom- 
ena of  material  aggregation  or  constitution  admit  of  clear  explana- 
tion b}'^  the  combination  of  such  molecules.  That  a  force  of 
gravitation,  or  one  following  the  inverse  duplicate  law  of  variation 
with  the  distance,  must  always  exist  between  separate  masses  so 
constituted.  That  if  we  identify  heat  and  ether,  the  facts  and  laws 
of  ordinary  thermotics  find  a  clear  and  simple  explanation.  That 
ether  or  heat  is  subject  to  gravitation,  and  that  by  so  considering  it, 
the  grand  facts  of  terrestrial  thermotics  at  once  result  by  deduction. 

My  chief  present  purpose  has  been  to  bring  forward,  for  the  con- 
sideration of  geologists,  the  question  as  to  the  aggregate  amount 
of  matter  now  in  the  earth's  crust,  which,  through  chemical  agen- 
cies and  the  organic  cycle,  has  been  withdrawn  from  the  original 
atmosphere.  An  approximate  determination  of  the  barometric 
indication  on  the  earth's  surface,  at  the  dawn  of  organic  life,  if  in- 
troduced into  an  appropriate  formula  of  atmospheric  temperature, 
will  doubtless  show  for  that  epoch,  a  tropical  temperature  in  polar 
latitudes.  The  question  stated  is  simply  one  of  fact,  and  possesses 
much  interest  aside  from  its  proposed  application.  I  may  also  re- 
mark that  the  great  subject  of  physical  thermotics  seems  to  have 
been,  and  to  be  too  much  neglected.  Its  thorough  study  now 
would  surely  do  more  to  advance  rational  Meteorology,  than  the 
further  accumulation  of  weather  observations  without  thread  or 
connection.  All  must  confess  the  great  need  of  general  guiding 
principles  in  these  subjects  ;  a  need  which  can  only  be  met  by  cap- 
turing this  subtle  fugitive,  lieat^  in  its  obscure  fastnesses,  and 
clearly,  steadily  grasping  the  clew  to  its  Protean  nature.  The  whole 
groundwork  of  physical  science  is  involved  in  that  great  problem 
11 
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of  material  constitution,  to  the  complete  solution  of  which  only 
can  we  confidently  look  for  full  insigiit  into  the  thousand  agencies 
of  heat.  This  problem  is  to  all  the  phenomena  of  inorganic  nature 
what  that  of  gravitation  was  to  the  movements  of  the  Solar  System, 
and  must  indeed  include  gravitation  itself  as  part  of  its  solution. 
Science  has  no  need  so  great  as  a  revival  of  the  Newtonian  spirit, 
and  could  the  great  "high  priest"  himself  return,  he  would  soon 
verify  the  belief  expressed  in  his  Principia,  that  all  material  nature 
is  a  problem  in  mechanics^  an  exponent  of  those  forces  belonging 
to  the  ultimate  secrets  of  matter. 
Adjourned. 

B.  A.  GOULD,  Jr.,  ASecreto?-!/. 


Third  Day,  August  16,  1849. 
.  SECTION  OF  NATURAL  HISTORY,  etc. 
Morning  Session. 
President  Everett  was  appointed  to  the  chair. 
Prof.  Agassiz  presented  to  the  Association  living  specimens  of 
Cyaniafulva,  a  new  species,  from  the  coast  of  Massachusetts. 


On    the   Circulation   of  the  Fluids    in   Insects.      Br  Prof. 
Louis  Agassiz. 

The  manner  in  which  fluids  are  circulated  in  the  body  of  insects 
has  been  a  question  long  discussed,  but  never  fully  understood 
among  naturalists.  The}'  have  not  precise  material  information  upon 
the  subject.     Views,  rather  than  facts,  are  presented  in  our  works. 

The  organs  of  respiration  have  been  well  known  to  consist  of  air- 
tubes,  opening  outside  and  dividing  witiiin  the  body,  thus  circulating 
the  air  throughout  the  parts.  Such  air-tubes  have  been  found,  not 
only  within  the  general  cavity  of  the  body,  but  also  in  the  organs  of 
locomotion,  and  even  in  the  jaws  and  in  the  feelers  of  the  head,  so 
that  all  parts  are  provided  with  portions  of  the  respiratory  apparatus. 
But  how  the  fluids  derived  from  digestion  are  prepared  b^'  the  ali- 
mentary canal  to  nourish  all  parts  and  provide  for  all  functions  of  the 
body  ;  how  these  fluids  are  acted  upon  by  the  air  that  is  introduced 
in  the  body  ;  how  these  fluids  are  circulated  in  all  parts,  was  not  un- 
derstood. What  has  been  known  up  tothisday  is  the  fact  that  there 
is  an  elongated  vessel  in  the  back  of  insects  called  the  dorsal  vessel, 
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wliich  pulsates  in  a  regular  manner,  and  is  a  kind  of  elongated  heart, 
divitled  into  chambers,  which  emits  tluid  by  branches  from  its  ante- 
rior extremities,  and  receives  fluids  from  the  main  cavity  of  the 
body  through  lateral  openings.  But  the  manner  in  which  this  fluid 
is  circulated  in  the  body  could  not  be  traced. 

Prof.  Newman,  of  London,  was  the  first  to  ascertain  that  these 
fluids  followed  regular  currents,  regular  tracks,  along  furrows  in  the 
cellular  tissue  of  the  body,  and  along  the  walls  of  the  body,  and  that 
along  these  currents  the  fluid  was  brought  back  to  the  dorsal  vessel. 
In  this  state  of  our  knowledge  of  the  circulation  of  insects,  the  respi- 
rator}' organs  appeared  like  ventilators,  or  air-tubes,  plunging  into 
the  tissues,  and  thus  providing  them  with  air,  during  the  passage  of 
the  fluids  in  various  parts  of  the  cavity  of  the  body.  Mr.  Blanchard 
has  recently  made  a  very  important  addition  to  our  knowledge  of 
facts  respecting  these  phenomena,  namely,  he  has  discovered  thaton 
filling  the  dorsal  vessel  of  insects  with  colored  matter  it  would  follow 
the  tracks  of  the  tracheae,  or  air-tubes  ;  that  the  tracliese  would  be  uni- 
versally colored  ;  and  that  the  fluid  introduced  follows  the  space 
between  the  two  membranes  of  the  tracliese  and  the  spiral  threads 
which  keep  them  apart.  The  tracheae  are  known  to  consist  of  a  dou- 
ble membrane,  and  of  a  spiral  thread  around  and  within  the  mem- 
brane. Now  the  colored  matter  introduced  into  this  apparatus  fol- 
lows the  path  of  the  empty  space,  and  the  air  which  passes  through  the 
inner  tube  is  thus  brought  in  contact  with  the  blood  for  the  whole  ex- 
tent of  the  tracheal  ramifications.  Here  it  is  at  once  seen  that  the  con- 
tact is  much  more  extensive  than  was  suspected  at  first,  and  that  the 
reaction  between  the  air  and  the  blood  must  be  much  more  intimate 
than  we  could  have  supposed  before  the  arrangement  was  known,  by 
which  the  fluid  is  brought  into  contact  with  the  respiratory  vessel. 

In  repeating  the  observations  of  Blanchard,  I  have  satisfled  my- 
self, first,  of  the  perfect  correctness  of  his  statements  ;  and  I  may  say, 
of  the  great  ease  with  which  these  vessels  may  be  tilled.  It  requires 
only  the  introduction  of  the  injecting  sj^ringe  with  the  colored  matter 
into  the  dorsal  vessel ;  and  the  best  to  select  is  indigo  diluted  oil- 
paint  with  pure  turpentine,  which  makes  a  dark  color,  though  the  ma- 
terials are  so  reduced  as  to  penetrate  the  most  minute  vessels.  By 
introducing  it  into  the  body  of  a  living  animal,  j^ou  will  see  it  at  once 
circulated,  almostinstantaneousl}',  into  all  partsof  the  bod}'.  It  is  no 
matter  whether  the  liquid  be  introduced  into  the  dorsal  vessel  itself, 
or  whether  it  be  introduced  into  the  cavity  of  the  body  only  ;  just  as 
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fluid  might  be  introduced  into  our  body  through  a  wound  across  the 
walls  of  the  abdomen.  In  opening  the  insect  after  such  an  injection, 
all  parts  are  found  to  be  colored; — the  tracheae  of  the  abdomen, 
thorax,  jaws,  legs,  and  feelers — all  have  their  walls  colored  in  blue. 
Now  it  was  a  point  of  intei'est  to  repeat  these  observations,  and  to 
ascertain  the  perfect  correctness  of  these  admirable  and  unexpected 
results  in  the  discovery  of  Mr.  Blanchard.  But  is  there  not  some- 
thing more  to  do  in  the  matter  and  to  examine  how  these  vessels 
terminate? 

When  Harvey  discovered  the  circulation  of  the  blood — when  he 
ascertained  that  the  arteries  were  not  air-tubes,  as  had  been  sup- 
posed, but  vessels  containing  the  blood  in  the  bod}' — when  he  ascer- 
tained that  the  heart  was  the  central  point  of  circulation,  and  that 
in  the  motion,  the  arteries  carried  the  blood  from  the  heart  through 
the  body,  while  the  veins  returned  it  to  the  heart — for  all  that  was 
ascertained  by  his  first  experiments — he  did  not  ascertain  the  man- 
ner in  which  the  artery  passed  into  the  veins  ;  the  manner  in  which 
the  blood  of  the  arteries,  carried  to  the  parts  most  remote  from  the 
heart,  turned  back  to  trace  a  retrograde  course,  and  again  to  reach 
the  heart.  The  communication  between  the  extremity  of  the  arteries 
and  veins,  the  whole  system  of  capillaries,  of  tubes  so  thin  that  the 
fluids  are  no  longer  dependent  upon  mechanical  power  from  behind 
for  their  motion,  but  upon  the  proper  capillary  action  of  the  tubes 
themselves  ; — all  this  remained  to  be  discovered  ;  it  has  been  dis- 
covered since  the  first  discovery  of  the  circulation  itself. 

So  it  is  with  this  discovery  of  the  circulation  in  insects  ;  the  man- 
ner in  which  the  circulation  takes  place  in  the  remote  terminations 
of  the  vessels  remains  to  be  investigated.  Upon  this  point  I  have 
devoted  some  attention  ;  and  to  my  surprise,  I  have  found  that  the 
tracheae  are  not  all  of  the  same  kind  ;  that  we  must  distinguish 
between  two  sorts — respiratory  tracheae,  I  may  call  them,  and  cir- 
culator}'  tracheie,  or  tracheai  for  the  circulation  of  the  nutritive  par- 
ticles. The  true  or  respiratory  tracheie  terminate  in  bags,  which,  at 
iirst,  would  seem  to  besimpl}'^  small  vesicles,  but  which,  upon  close 
examination,  under  a  high  magnifying  power,  appear  like  diminutive 
lungs,  scattered  throughout  the  body  consisting  of  cells  over  which 
the  last  branches  of  the  tracheae  terminate,  as  the  capillaries  of  the 
lungs  terminate  upon  the  air-cells  of  our  respiratory  system.  An 
additional  fact  is  the  disappearance  of  the  spiral  thread  and  inner 
membrane  of  the  trachea  from  the  time  the  vessel  enters  into  this 
kind  of  lungs,  which  it  terminates. 
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[Prof.  A.  then  exhibited  a  drawing,  under  a  power  of  700  diam- 
eters, showing  this  arrangement.] 

The  other  kind  of  tracheae  are  those  whicli  I  wouUl  call  circulatory 
tracheae,  and  which  occur  in  the  parts  which  require  to  be  nourished 
by  the  blood.  These  tracheae  have  no  such  air-sacks  or  cells  ap- 
pended to  them.  They  are  simply  tubes,  which  branch,  and  sub- 
divide, and  ramif}^  gradually  into  more  minute,  and  finally  terminate 
in  the  most  minute  vessels.  And  in  these  again  the  spiral  thread, 
which  characterized  the  trachea,  disappears  in  the  last  minute 
branches  of  the  tube,  which  I  ma}^  call  the  capillaries  of  the  trachea. 
These  circulatory  vessels  divide,  like  arteries,  in  all  parts.  In  the 
grasshoppers,  for  instance,  which  I  injected  from  the  dorsal  vessel,  I 
found  the  muscles  within  the  legs,  beautifully  covered  withdentritic 
brushes  of  these  vessels,  all  injected  with  colored  matter  ;  and,  in  a 
highly  magnified  portion  of  a  muscle  from  the  leg  of  an  Acridmm 
flavor ittaUim^  I  have  observed  this  [showing  the  diagram]  distribu- 
tion of  these  minute  vessels,  which  will  remind  all  familiar  with  the 
phenomena,  of  the  striking  resemblance  there  is  between  their  distri- 
bution and  distribution  in  blood-vessels  in  the  body  of  higher  animals. 

I  may  add  that,  in  these  animals,  I  could  not  observe,  what  is  so 
common  in  other  animals,  anastomoses — that. is  to  say,  connections 
between  the  terminal  divisions  of  the  vessel,  forming  a  network,  in 
which  the  fluid  would  move  back  and  forth,  as  it  takes  place  in  the 
higher  animals.  I  am  inclined  to  think,  although  I  could  not  see 
it,  that  the  terminal  vessels  empty  their  contents  directly  into  the 
cellular  tissue  of  the  body. 


Observations  on  the  Mirage  seen  on  Lake  Superior,  in  July 
AND  August,  1847.     By  C.  T.  Jackson. 

The  phenomena  of  Mirage  have  at  all  times  excited  the  wonder 
and  admiration  of  mankind,  and  have  been  fruitful  in  strange  su- 
perstitious legends. 

It  is  not  surprising  that 

"  the  poor  Indian,  whose  untutored  mind 

Sees  God  in  clouds,  and  hears  him  iu  the  wind" 

should  view  with  superstitious  awe  those  strange  and  fantastic  ap- 
paritions which  manifest  themselves  in  the  wonderful  mirage  which 
so  frequently  presents  itself  on  the  coast  of  the  great  lake  to  which  I 
now  call  3-our  attention.     The  Great  Manitou  of  the  Indians  appears 
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to  them  in  a  great  vaiiet}'  of  forms,  and  his  voice  is  lieard  in  the 
rumbling  thunder  that  echoes  from  the  mountains  bordering  the 
lake  shores. 

Even  those  most  versed  in  the  causes  of  natural  phenomena 
cannot  fail  to  be  strongly  impressed  with  the  magnificent  phe- 
nomena of  Mirage  on  the  north  shore  of  Lake  Superior,  and  the 
philosophical  mind  delights  in  being  able  there  to  observe  the 
causes  which  produce  this  marvellous  effect.  I  know  not  whether 
the  season,  when  I  had  the  opportunit}^  for  making  ra}'  observations, 
was  one  remarkable  for  the  frequency  of  Mirage,  but  it  is  certain  that 
for  many  successive  days,  the  phenomena  were  presenting  them- 
selves in  rapid  succession  along  the  northern  coast  of  Lake  Supe- 
rior, opposite  to  Isle  Royale,  and  on  the  coast  of  the  island  itself, 
in  the  bays  which  so  deeply  indent  its  shores.  At  Rock  Harbor, 
on  several  occasions,  I  observed  the  little  islands  and  points  on  its 
outskirts  most  perfectly  represented  with  inverted  pictures  of 
their  entire  forms,  hanging  over  their  summits,  the  images  of  the 
spruce  and  other  trees  which  crown  them,  being  seen  with  l)eauti- 
ful  distinctness  directly  over  their  terrestrial  originals,  while  the 
picture  of  a  little  skiff  was  one  day  seen  represented  beside  the 
phantom  island,  the  boatman  in  the  sky  appearingto  row  his  bateau 
as  unconcernedly  as  his  original  on  the  bosom  of  the  lake. 

I  endeavored  to  sketch  this  singular  scene,  but  found  it  so  fitful  in 
its  changes,  as  to  render  the  task  by  my  unskilfid  hands  impossible. 

On  the  27th  July  we  saw  Keweenaw  Point  in  Mirage.  It  is  forty 
miles  distant  from  tins  place,  and  bears  E.  N.  E.  from  Scovil's 
Point  on  Isle  Royale. 

The  most  wonderful  Mirage  was  observed  from  the  north  coast  of 
Isle  Royale,  while  we  were  coasting  along  from  the  eastern  to  the 
western  end  of  the  island.  For  seveial  da_ys  in  succession,  we  had 
almost  hourly  magnificent  repetitions  of  these  curious  phenomena. 
On  the  3d  of  August  I  took  particular  notes  of  the  metamoiphosis 
of  Thunder  Cape,  which  was  subject  to  the  most  remarkable  changes 
as  viewed  inverted  in  the  air.  A  diagram  may  give  some  idea  of  it, 
but  it  would  be  impossible  to  represent  its  varied  appearance,  ex- 
cept by  instantaneous  daguerreotype  impressions. 

The  islands  on  the  north  shore,  called  the  Paps,  were  also  seen 
inveited  in  IMirage. 

Thunder  Cape,  15  miles  distant  to  the  north,  a  lofty  mural  prec- 
ipice, said  to  be  1300  feet  high,  and  rising  directly  from  the  lake, 
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presents  the  form  of  an  irregular  truncated  pyramid.  By  the  phe- 
nomena of  Mirage  it  suddenly  changes  its  form  into  a  huge  anvil, 
sending  out  a  long  horn  to  the  right,  while  a  dark  black  mass  rises 
behind  it,  which  might  be  represented  as  old  Vulcan  himself.  This 
singular  phenomenon  attracted  much  attention,  and  on  observing 
with  care,  I  found  that  the  horn  of  the  anvil  was  the  image  of  the 
talus  of  the  cliff  on  the  shore,  represented  in  inverted  picture.  The 
image  seen  at  the  summit  was  probably  that  of  a  conical  peak  in  the 
rear  of  the  cliff,  represented  inverted  over  the  cape. 

Turning  away  from  this  phantom  for  a  while,  when  we  looked 
again  the  anvil  horn  had  been  removed,  and  the  figure  over  it  was 
gone  ;  but  it  soon  reappeared  as  before,  and  for  several  days  we 
•were  gratified  with  a  view  of  these  singular  and  interesting  appear- 
ances, which  seemed  like  the  changes  of  the  magic  lantern.  Occa- 
sional rumblings  of  distant  thunder  came  to  us  from  afar,  though 
no  storm  visited  us. 

Not  among  the  least  curious  and  important  refractions  are  those 
produced  on  the  raj's  from  the  celestial  bodies.  At  times  the  sun 
yields  to  the  strange  refractions,  produced  by  the  atmosphere  over 
this  great  lake,  and  as  he  draws  near  to  the  horizon,  expands  his 
broad  cheeks  most  good-natured!}',  or  sends  out  a  long  pear-shaped 
neck  towards  the  horizon.  Dr.  John  Locke  took  many  sketches  of 
the  remarkable  forms  assumed  by  the  sun,  and  will  probably  give 
some  account  of  his  observations.  The  afternoon  observations  for  a 
time  were  found  to  be  much  affected  by  the  unusual  refractions  of 
the  atmosphere  of  the  lake,  and  evening  observations  of  the  stars 
were  found  to  be  utterl}^  useless.  Only  stars  of  very  high  altitude, 
such  as  could  not  be  reached  by  the  sextant  with  an  artificial  ho- 
rizon, can  be  employed  for  determination  of  latitude  and  longitude. 
This  was  proved  by  numerous  trials. 

The  morning  observations  were  found  to  be  more  reliable,  and 
were  exclusively  used  in  our  determinations  of  longitude.  It  is 
probable  that  this  extraordinary  refraction  is  limited  to  the  vicin- 
ity of  the  lake.  It  may  be  worth  while  to  endeavor  to  explain  the 
curious  phenomena  which  I  have  described,  and  to  account  for  the 
strange  antics  performed  bj'  the  woodland  scenery  of  the  lake 
coast,  and  of  the  inverted  image  of  the  fisherman's  boat  as  observed. 
Lake  Superior  being  an  inland  ocean  of  fresh  water,  in  a  high 
northern  latitude  (between  46°  and  49°  north),  has  a  nearly  uni- 
form and   constant  temperature,  probably  not  far  from  the  mean 
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tempei-ature  of  the  climate.  It  ranges  from  37°  to  42°  F.,  never 
rising  above  the  latter  temperature  excepting  in  shallow  places 
near  shore.  The  average  depth  of  the  lake  is  estimated  by  Baj''- 
field  at  900  feet.  Its  height  above  the  sea  is  600  feet,  hence  its 
bottom  is  300  feet  below  sea  level. 

The  shores  of  this  lake  are  much  more  elevated  than  those  of  the 
other  great  lakes,  and  high  table  lands  extend  far  back  into  the  inte- 
rior and  are  thickly  wooded.  The  coast,  especially  on  the  north  side 
of  the  lake,  is  abruptly  precipitous  directly  to  the  water's  edge.  And 
the  air  on  the  surface  of  the  lake  rarely  is  of  a  higher  temperature 
than  50°,  while  that  in  the  forest  at  noon  is  frequently  as  high  as  90°, 
or  even  94°.  It  is  obvious,  then,  that  during  a  summer's  day  the  air 
intheforestsbecomes  highly  rarefied  b}^  heat,  and  takes  up  a  propor- 
tional quantit3'of  water  in  the  state  of  invisible  moisture.  When  this 
current  of  warm  air  slides  from  the  precipices  over  the  surface  of  the 
lake,  the  warm  air  by  its  specific  levit}'  from  rarefication  floats  upon 
the  cooler  air  of  the  lake,  and  does  not  directly  mingle  with  it.  The 
consequence  necessarily  is,  that  ajilm  of  moisture  is  condensed  at 
the  surfacesof  contact  of  the  warm  and  cold  air,  and  thus  a  screen  is 
produced  on  which  the  objects  reflected  from  below  are  seen  as  in  a 
mirror.  Meanwhile,  b}^  refraction,  this  image  is  seen  higher  up  than 
it  is  reall}'  painted  on  the  mist.  This  was  obviously  the  cause  of 
the  strange  phantoms  which  we  have  witnessed  on  Lake  Superior. 

It  is  no  uncommon  thing  on  other  parts  of  the  lake  to  see  ves- 
sels inverted  in  the  air  before  their  hulls  become  visible  above  the 
horizon  ;  and  it  is  well  known  that  similar  appearances  very  rarely 
occur  on  our  seacoast,  and  have  given  rise,  in  former  times,  to 
strange  and  superstitious  tales. 

Prof.  Agassiz  mentioned  an  additional  phenomenon  which  has 
been  frequently  witnessed  by  himself  and  his  party  upon  Lake  Supe- 
rior. Not  only  did  the  shores  and  islands,  with  all  their  vegetation, 
appear  repeated,  higher  up  and  in  an  inverted  position,  but  that 
above  this  inverted  landscape,  there  was  sometimes  still  another,  in 
which  everything  was  upright,  so  that  the  picture  was  twice  repeated 
above  the  surface  of  real  nature  —  once  inverted,  and  above  that, 
the  same  erect.  This  fact  must  be  explained  by  any  theory  which 
professes  to  account  for  similar  phenomena  ;  but  it  may  be  simply 
the  image  of  the  landscape,  inverted  upon  the  surface  of  the  lake, 
reproduced  with  ihe  inverted  image  of  the  landscape  itself. 
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Dr.  Jackson  remarked  that  he  had  observed  the  same  thing  fre- 
quently ;  but,  by  some  oversight,  he  had  made  no  minute  of  it. 

Prof.  Adams  exhibited  specimens  of  polished  shells,  showing  that 
they  were  susceptible  of  a  very  high  polish,  by  which  their  colors 
would  be  brought  out,  and  they  would  be  much  more  ornamental. 


Remarks  on  the  Distribution  of  the  Testaceous  Mollusca  of 
Jamaica.     By  Prof.  C.  B.  Adams. 

THEgreatnumberof  species  is  I'eraarkable.  A  fewmiles  of  coast, 
without  the  aid  of  storms,  and  without  dredging,  yielded  420  species. 
In  the  small  bay  of  Port  Royal,  350  marine  species  were  found.  A 
pint  of  sand,  taken  from  a  surface  three  yards  long,  contained  110 
species.  In  Manchester,  a  district  four  miles  by  one  mile,  contains 
100  terrestrial  species.  A  small  part  of  the  island  atforded  220 
species  of  land  shells.  Probably  there  are  350  or  400  species  of 
land  shells,  and  two  or  three  times  as  many  of  marine  species.  Ex- 
tensive districts  occur,  however,  which  are  nearl}'  destitute  of  land 
or  marine  shells.     They  are  accumulated  in  favorable  stations. 

The  difference  in  the  extent  of  the  distribution  of  the  marine  and  of 
the  terrestrial  species  is  remarkable.  A  majority  of  the  marine  spe- 
cies are  known  to  occur  in  the  other  islands  ;  probably  not  more 
than  10  or  15  per  cent,  of  them  will  be  found  to  be  peculiar  to  Ja- 
maica.    But  of  the  land  shells,  95  percent,  are  peculiar  to  the  island. 

The  limited  distribution  of  the  terrestrial  species  is  remarkable.  A 
few  are  generally  distributed,  but  a  large  number  are  limited  to  dis- 
tricts of  a  few  miles  in  diameter,  and  several,  although  occurring 
abundantly,  could  be  found  only  within  the  space  of  a  few  rods. 

Only  17  fresh  water  species  were  found.  Seven  belong  to  Plan- 
orbis  and  the  other  ten  to  nine  genera.  There  are  no  Naiadse,  and 
but  one  very  small  and  rare  Cyclas  was  found.  Favorable  stations 
for  fresh  water  species  are  rare. 

In  respect  of  the  number  of  individuals  of  Mollusca  in  Jamaica,  as 
compared  with  more  northern  latitudes,  the  rule  so  obvious  in  the 
class  of  fishes  is  not  applicable  to  the  same  extent.  Of  fishes  the 
species  are  much  more  numerous,  but  the  individuals  much  less  so. 
Of  the  Mollusca,  the  total  number  of  individuals  is  about  the  same  as 
in  this  latitude,  and  the  number  of  species  represented  by  a  profusion 
of  individuals  is  about  the  same.     But  the  number  of  species  not 
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occurring  abundantly  is  much  greater,  so  that  the  average  of  indi- 
viduals to  all  the  species  is  less  than  in  this  latitude. 

From  a  comparison  of  the  laws  of  distribution  of  the  marine  and 
terrestrial  species  in  the  Antilles,  it  follows  that  the  number  of  the 
latter  must  exceed  that  of  the  former. 

With  the  insular  distribution  of  the  terrestrial  species  may  be 
associated  the  fact  that  the  coral  reefs  are  all  fringing,  for  both  facts 
are  connec-ted  with  the  geological  fact  that  these  islands  are  in  a 
process  of  elevation. 

On  the  River  Terraces  of  the  Connecticut  Valley,  and  on 
THE  Erosions  of  .the  Earth's  Surface.  By  President  Ed- 
ward Hitchcock. 

I  ought  perhaps  to  say  that  my  paper  consists  of  suggestions  and 
a  few  facts,  or  numerical  results,  rather  than  any  finished  theory. 
In  fact,  I  follow  ray  field  notes  chiefly,  which  have  not  yet  been 
completed  or  reduced,  I  had  hoped,  ere  this  time,  to  present  a 
carefidly  prepared  paper  upon  these  subjects,  having  been  interested 
in  them  for  twenty  years,  althougii  I  have  never,  until  tlie  past  year, 
carefully  measured  the  height  of  these  terraces.  I  will  be  as  brief 
as  possible,  as  my  leading  object  is,  to  elicit  from  others  deduc 
tions  from  the  facts  which  I  have  observed;  and  hope  I  shall  be 
pardoned  for  presenting  the  subject  in  so  crude  a  state. 

I  have  examined  the  Connecticut  River  almost  from  its  mouth 
to  Turner's  Falls  ;  having  carefully  measured  the  heights  of  the  ter- 
races. But  these  measurements  I  shall  not  introduce,  in  detail, 
till  I  have  carried  the  work  farther  towards  the  source  of  the  river, 
which  I  hope  to  do  soon. 

During  the  last  j'ear,  a  work  of  considerable  size  has  been  pub- 
lished by  Mr.  Chambers,  of  Edinburgh,  who  considers  most  of  the 
terraces  in  Great  Britain  as  ancient  sea-margins,  which  have  become 
elevated  to  their  present  position  by  successive  uplifts  of  the  con- 
tinent. Now,  I  suppose  that  our  terraces  are  of  three  kinds:  1. 
The  ancient  sea-margins  ;  2.  The  margins  of  ancient  fresh-water 
lakes;  and  3.  River-margins. 

I  have  undertaken  to  examine  the  terraces  of  the  Connecticut  val- 
ley, which  extends  some  300  miles,  nearly  north  and  south,  embracing 
the  Connecticut  and  its  tributaries.  As  you  approach  the  river 
3'ou  find  plains  of  sand,  gravel, or  loam, terminated))}' a  slope,  some- 
times as  steep  as  35°,  and  a  second  plain,  then  another  slope  and 
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another  plain,  and  so  on,  sometimes  to  a  great  number.  Some- 
times, upon  the  other  side  of  the  river,  you  can  perceive  similar  ter- 
races, which  seem,  at  that  distance,  to  correspond  in  height  with 
those  upon  which  you  stand,  but  which  is  not  exactly  the  case. 

I  find  that  these  terraces  occur  in  successive  basins,  formed  by  the 
approaches  of  the  mountains  upon  the  banks,  at  intervals.  Some- 
times tlie  basin  will  be  15  or  20  miles  in  width,  but  usually,  much 
narrower  ;  and  it  is  upon  the  margins  of  these  basins  that  the  terraces 
are  formed.  The  first  basin,  which  I  examined,  extends  from  Middle- 
town  northward  to  Mount  Hol,yoke,  where  there  is  a  barrier  through 
which  the  river  seems  to  have  cut.  North  of  that  you  have  another 
basin  which  extends  from  Holyoke  to  Turner's  Falls  ;  another  which 
extends  to  Brattleboro  ;  another  to  Bellows'  Falls  ;  another  to 
Charleston  ;  another  to  Windsor,  etc. 

On  the  tributaries  of  the  Connecticut  River  are  several  very  fine 
terraces,  and  especially  upon  Deerfield  River  and  Westfield  River 
are  remarkable  ones  which  will  throw  a  great  deal  of  light  upon 
the  manner  in  which  these  terraces  are  formed. 

I  have  rarely  found  terraces  more  than  200  feet  above  the  river  ; 
which  would  be,  in  Massachusetts,  about  300  feet  above  the  ocean, 
and  at  Hanover,  New  Hampshire,  about  560  feet.  Nowhere  do  they 
exist,  along  an^'  river,  unless  that  river  has  basins  ;  unless  the  moun- 
tains close  down  upon  the  river,  and  it  has  cut  through  the  barrier  at 
some  time  or  other.  In  such  basins,  if  they  have  considerable  width, 
you  will  find  terraces.  As  to  the  materials  of  which  they  are  formed, 
the3'  appear  exceedingly  artificial.  The  outer,  or  highest  terrace,  is 
generally  composed  ofcoarser  materials  than  the  inner  terraces.  They 
are  all  composed  of  materials  which  are  worn  from  the  rocks  ; 
but  the  outer  terrace  oftener  is  full  of  pebbles,  some  of  them  as  large 
as  12  inches,  while  the  inner  seem  reduced  to  an  impalpable  powder, 
like  the  soil  of  a  meadow  which  is  overflowed  during  high  water. 

Whence  did  these  materials  originate?  How  did  these  valleys  fill 
up  to  the  height  of  200  feet  in  many  places?  It  must  have  required 
an  immense  amount  of  materials,  brought  in  by  some  agency  or 
other  ;  for  the  materials  were  first  worn  from  solid  rocks,  and  after- 
wards brought  into  these  valleys.  The  outer  terrace  appears  to  have 
been  often  in  part  the  result  of  the  drift  agenc}-.  Afterwards,  the 
river  agenc}'  sorted  the  materials,  and  gave  them  a  level  surface,  the 
successive  basins  having  at  that  time  barriers.  The  inner  terrace 
appears  to  have  been,  at  least,  in  its  upper  part,  the  result  of  deposi- 
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tion  from  the  river  itself.  It  is  composed  of  fine  sand  and  clay,  or 
loam.  Such,  for  the  most  part,  I  conceive  to  have  been  the  origin 
of  the  materials. 

I  will  now  mention  a  few  of  the  facts  which  I  have  observed. 

First,  the  terraces  do  not  generallj^  agree  in  height  upon  the  op- 
posite sides  of  the  valley.  I  do  not  find  an}'  such  correspondence, 
except  in  the  case  of  deltas  at  the  mouth  of  the  smaller  streams. 
The  higher  ones  oftener  agree,  perhaps,  than  the  lower  ones.  To 
an  eye  unaccustomed  to  judge  of  heights,  a  difference  of  20,  30,  or 
40  feet,  may  be  imperceptible  at  the  distance  of  a  mile  or  two  ;  but 
measurement  corrects  the  error.  If  formed,  as  I  suppose,  from  the 
rivers,  we  should  not  expect  them  to  agree  in  height  upon  the  oppo- 
site sides  of  the  river. 

Another  fact  is,  that  the  terraces  slope  downward  in  the  direction 
of  the  stream.  The  same  terrace  which,  near  South  Hadle}-,  is  190 
feet  above  the  river,  slopes  until,  at  East  Hartford,  it  is  onl}'  40  feet 
above  the  river,  thus  sloping  150  feet  more  than  the  slope  of  the 
river  itself,  in  a  distance  of  40  or  50  miles.  On  the  smaller  livers 
there  are  terraces  which  slope  so  rapidly  that  you  can  see  it  dis- 
tinctl3\  This  is  a  very  important  fact,  as  it  shows  that  they  cannot 
have  been  formed  by  the  sea  ;  for,  in  that  case,  they  would  have 
been  horizontal ;  nor  could  they  have  been  formed  by  a  lake,  for  the 
same  reason.  It  proves  then,  that  they  were  formed  b}'  the  river. 
The  greatest  number  of  terraces  which  I  have  observed  upon  the 
rivers  is  eight  or  nine  ;  generall}'',  there  are  but  two  or  three. 

I  agree  with  my  friend,  Mr.  Dana,  who  has  published  some  very 
able  articles  upon  the  terraces,  in  the  American  Journal  of  Science, 
in  almost  every  thing  that  he  has  advanced.  I  agree  with  him  in  the 
position  which  he  has  taken  against  that  of  Mr.  Chambers,  that  we 
must  require  some  decisive  evidence  in  the  materials  besides  their 
arrangement  of  a  marine  origin,  before  we  adopt  the  conclusion  that 
the  sea  produced  them,  and  deny  the  agency  of  the  river.  Now  in 
this  whole  valley  of  the  Connecticut,  300  miles  in  length,  in  all  these 
deposits,  not  a  single  organic  relic  of  any  kind  has  yet  been  discov- 
ered. Tlieonl}'  things  that  look  like  organic  remains,  are  two  kinds  of 
concretions  ;  the  most  remarkable  of  which  are  clay-stones,  which  I 
believe  the  geologists  of  the  north  ofEurope  have  considered  as  origi- 
nating in  molluscs,  with  which  opinion  I  do  not  at  all  agree  ;  the}'  are 
formed,  I  think,  as  ciystals  are,  rather  than  as  the  petrifaction,  by 
which  I  mean  the  substitution  of  mineral  for  animal  matter.  I  do  not 
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deny  that  all  this  portion  of  the  continent  has  been  below  the  ocean 
for  an  immense  length  of  time,  and  that  it  has  been  raised  up  by 
successive  uplifts,  and,  probably,  ever  since  the  drift  period  ;  but 
the  materials  of  the  terraces  in  this  country  afford  an  evidence  of 
such  vertical  monuments. 

In  1833,  when  I  made  my  first  report  of  the  Geology  of  Massachu- 
setts to  thegovernment,I  introduced  ray  view  of  the  manner  in  which 
the  terraces  were  formed,  which   still  appears  to  me  the  true  one. 

Let  us  suppose  a  basin,  or  lake,  in  tiie  valley  of  the  Connecticut, 
from  Turner's  Falls  to  Mount  Holyoke,  where  there  was  a  barrier. 
The  highest  terrace  was  then  formed,  the  materials  being  brought  in 
by  the  rivers  from  the  surrounding  country,  and  accumulated  until 
the 'sand  and  clay  had  risen  200  feet  above  the  surface  of  the  present 
river.  The  barrier  partially  breaks  through,  and  the  highest  ter- 
race becomes  dry.  Still,  when  the  river  is  swollen  with  rains,  as 
it  is  two  or  three  times  in  a  year,  it  tears  away  its  banks  upon  one 
side  more  than  upon  the  other,  according  to  its  curve,  or  other 
circumstances,  and  thus  forms  a  meadow,  which  is  often  overflowed 
and  raised  higher,  by  deposits,  growing  wider  and  wider.  At  length 
the  channel  would  get  so  low,  tliat  even  in  its  floods  the  river  would 
be  unable  to  overflow  this  meadow,  and  thus  the  meadow  becomes 
dry  land.  Then  it  begins  to  cut  awa^''  for  a  new  meadow,  and 
makes  the  former  meadow  a  terrace.  Thus  the  terraces  are  formed 
from  the  meadows,  as  the  river  sinks  by  the  wearing  away  of  the 
barrier.  The  work  may  go  on  with  extreme  slowness,  and  yet  these 
terraces  will  be  formed.  Even  now,  new  terraces  are  being  formed 
in  the  same  manner.  You  would  not  expect  the  terraces  to  be  of 
the  same  height  upon  the  opposite  sides  of  the  river,  because  they 
would  not  generally  be  formed  simultaneously. 

This  appears  to  me  to  be  one  of  the  modes  in  which  river  ter- 
races were  formed.  Some  of  them  were  probably  produced  in 
other  modes,  which  time  does  not  allow  nie  to  consider. 

I  hope  also  to  show  from  these  facts,  how  the  conical  and  irreg- 
ular mounds  of  sand  and  gravel  which  occur  so  frequently,  and 
which  have  been  called  moraines  sometimes,  have  been  produced. 
But  1  do  not  feel  prepared  to  go  into  the  subject  at  present. 

I  have  found  several  channels  in  the  Connecticut  River,  long 
since  disused,  and  which  are  shown  on  the  map  before  you. 

But  the  most  remarkable  changes  in  the  bed  of  a  river  are  seen 
in  Deerfield  meadows,  where   several  ancient  beds   are  obvious. 
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Rivers  change  in  two  ways.  One  is  by  wearing  awaj'one  bank,  and 
accumulating  on  the  opposite  side  of  the  j-iver.  In  thirty  or  forty 
3'ears,  1  have  found  from  this  source  a  change  of  50  or  60  rods.  By 
sucli  an  action  terraces  coukl  have  been  formed.  Anotlier  modeof 
change  is,  by  passing  round  an  obstacle  at  once,  for  example,  dur- 
ing a  flood,  when  the  usual  channel  is  blocked  up  by  ice  and  worn 
before  the  obstacle  is  removed,  that  the  water  continues  to  go  there. 
The  water  sometimes  breaks  through,  so  as  to  make  a  siiort  cut 
instead  of  a  long  curve,  as  it  has  recently  done  at  the  foot  of 
Mount  Holyoke,  in  Hadley. 

I  will  now  take  up  the  subject  of  erosions  upon  the  earth's  sur- 
face. We  are  often  amazed  to  see  the  large  amount  of  Poose  ma- 
terials spread  over  the  rocks,  and  wonder  where  they  came  from. 
But  if  we  will  examine  some  spots  where  rivers  have  worn  out  for 
themselves  gorges  through  mountains,  we  shall  no  longer  be  sur- 
prised at  the  immense  amount  of  loose  materials.  The  materials 
look  as  if  the}^  were  worn  away  from  the  solid  rock  ;  but  can  we 
prove  it?  I  think  I  have  found  some  proofs  which  have  been  very 
much  overlooked. 

The  deep  channel  which  the  Niagara  has  worn  for  itself,  in  the 
retreating  of  the  falls  several  miles  toward  Lake  Erie,  has  been  sup- 
posed to  be  very  remarkable.  I  maintain  that  we  have  more  striking 
examples  of  erosion  than  that.  This  is  not  the  most  remarkable 
example  to  geologists,  though  it  may  be  to  common  observation. 

Allow  me  to  state  how  1  suppose  that  the  water  acts  in  wearing 
away  the  surface  of  the  earth,  the  rocks  as  well  as  the  soil.  It 
operates  in  two  ways;  chemically  and  mechanical!}'.  It  acts 
chemically,  by  dissolving  the  substances,  being  almost  the  reali- 
zation of  the  alchemist's  dream  of  a  universal  solvent.  It  acts 
mechanically,  if  not  by  its  own  friction,  by  carrying  along  rough 
substances  which  wear  away  the  rocks  and  earth. 

Ice  acts  onl}'  mechanicall}',  but  in  two  ways.  First,  by  its  mo- 
mentum, tearing  down  and  wearing  away  obstacles  ;  and  also  still 
more  powerfuUj^  by  expansion.  By  flowing,  when  fluid,  into 
crevices  in  rocks,  and  afterwards  congealing,  it  exerts  an  irre- 
sistible erosive  power.  This  year  it  will  enter  a  small  crevice,  and 
expand  it  very  little  perhaps;  but  next  year  the  crevice  will  be 
larger,  and  the  power  of  the  ice  be  increased  ;  and  thus  the  work 
goes  on  in  a  geometrical  ratio. 

The  eff"ects  of  these  various  modes  of  action,  of  water  and  of  ice, 
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are  seen  upon  the  shore  of  tlie  ocean,  in  its  wearing  away  the  coast. 
Who,  for  instance,  that  is  acquainted  with  tlie  coast  of  Massachu- 
setts and  Maine,  will  doubt  that  Boston  Harbor  and  even  Massa- 
chusetts Bay  have  been  tlius  produced  mainly  b}^  tlie  agency  of 
northeasterly  storms.  The  rocks  around  Boston  are  softer  than 
the  granite  forming  Cape  Ann  and  the  shore  of  Cohasset,  and  there- 
fore, have  they  been  more  worn  away  by  the  unceasing  action  of 
the  waves  ;  although  the  drift  agency  doubtless  aided  in  this  work. 
There  is  another  curious  class  of  facts  in  our  country.  There  are 
singular  gorges  made  through  some  of  our  rocks,  to  a  distance  of  even 
half  a  mile  in  some  cases,  and  to  a  depth  of  70  or  80  feet,  where  it 
is  obvious  that  some  agency  or  other  has  removed  the  rock  60  feet  in 
width.  Yet  there  is  no  stream  there.  It  appears  like  the  bed  of  an 
ancient  river,  though  sometimes  on  the  top  of  a  hill.  These  are 
called,  for  what  reason  I  know  not,  Purgatories.  There  is  one  in 
8utton,  some  three  or  four  hundred  feet  above  the  ocean,  and  half  a 
mile  in  length.  The  width  is  70  or  80  feet ;  and  the  deptii,  50  or  60 
feet.  There  is  anotherin  GreatBarrington,Mass.,I  should  think  700 
or  800  feet  above  the  ocean  ;  where  there  is  a  whole  hill  cut  directly 
across  by  one  of  these  gorges.  Now  it  might  be  difficult  to  find  out 
the  cause  of  this,  were  not  the  same  work  going  on  at  present  inother 
places.  We  have  only  to  go  to  Rhode  Island  to  see  how  it  is  done  ; 
for  there  are  two  purgatories  now  being  formed.  A  little  east  of 
Newport,  you  will  find  the  conglomerate  rock  having"  a  jointed  struc- 
ture. There  are  fissures  running  parallel  to  one  another,  and  across 
the  strike  of  the  rock.  Suppose  two  fissures  eight  feet  apart,  and  upon 
the  coast.  The  rock  between  them  is  broken  out  by  the  freezing  of 
the  water  which  flows  into  the  cracks  ;  and  ever}*  3ear  the  work  goes 
on  farther  and  farther.  This  is  just  what  the  water  is  doing  in  Rhode 
Island.  It  has  split  out  eight  feet  of  rock  in  width,  and  left  walls 
70  feet  high,  and  has  thus  found  its  way  inward  seven  or  eight  rods  ; 
and  the  waves  still  rush  into  the  end  of  it.  There  is  another  one 
to  the  south  of  Newport,  where  the  water  has  forced  itself  in  the 
same  way  into  granite,  and  hence,  has  not  produced  so  much  erosion. 

Now  suppose  such  a  work  as  this  to  have  been  going  on  among 
the  rocks  of  Sutton  and  Great  Barrington,  and  you  have  an  idea  of 
the  manner  in  which  the  ocean  operated  when  these  spots  were 
just  upon  the  shores  of  the  ocean. 

I  said  that  there  was  some  evidence  that  the  ocean  was  formerly 
above  this  continent.     I  think  these  gorges  are  proof  of  that  fact ; 
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though  it  requires  the  truth  of  this  explanation  to  be  admitted. 
But  I  know  of  no  other  hypothesis  which  can  be  suggested  to  ex- 
plain the  facts,  and  I  have  no  doubt  that  this  is  the  way  the  pur- 
gatories were  formed. 

I  shall  now  lay  down  a  series  of  propositions,  which  I  think  can 
be  proved,  although  I  am  not  prepared  to  bring  forward  all  the 
evidence  which  has  suggested  itself  to  me.  And  moreover,  I  have 
as  yet  by  no  means  completed  my  examinations. 

First ;  the  older  the  rock,  over  which  the  river  flows,  the  greater 
may  we  expect  the  erosion  to  be,  because  it  commenced  earlier. 

Secondly;  where  similar  rocks  are  eroded  by  rivers,  we  should 
expect  nearly  the  same  amount  of  excavation.  This  is  a  point  of 
great  importance,  and,  I  think,  one  which  has  not  received  the  at- 
tention of  geologists.  It  must  be  remembered,  however,  that  the 
newer  rocks  are  softer  than  the  older  ones  ;  and  allowance  must  be 
made  for  this  diiference.  I  will  quote  a  few  examples  to  illustrate 
these  points. 

I  have  alluded  to  the  cutting  of  the  Niagara  River  through  the 
Silurian  rocks  of  Western  New  York,  for  seven  miles.  That  is 
not.  I  said,  an  unique  case.  Onl}'  come  this  wa}'  a  little,  to  Roch- 
ester, and  on  the  Genesee  River  yon  find  anotlier  cut  of  seven 
miles,  through  essentially  the  same  kinds  of  rocks.  On  the  Oak 
Orchard  Creek  is  still  another  place,  where  the  fall  has  gone  back 
about  the  same  distance.  These  seem  to  me  some  proofs  of  the 
theory,  that  in  the  same  kind  of  rock  you  may  expect  the  same 
amount  of  erosion.  I  will  now  allude  to  two  cases  of  cuts  through 
limestone,  though  not  of  my  own  observation.  The  vast  caverns 
in  our  western  States  were  undoubtedly  produced  by  subterranean 
rivers  wearing  away  the  limestone. 

On  the  eastern  continent,  in  Asia,  if  you  go  to  the  Dead  Sea, 
and  then  pass  south  only  to  the  Red  Sea,  you  gradually  ascend 
through  the  valley  for  GO  miles.  The  bed  of  this  valle}'  is  soft  lime- 
stone, and  in  that  limestone  there  is  an  excavation,  called  Wadde 
el  Joib,  that  is  100  feet  deep  at  its  mouth,  half  a  mile  wide,  and 
nearl^MO  miles  long.  There  is  no  water  in  it,  in  the  summer,  butthe 
winter  torrents  are  powerful,  and  they  have  worn  out  that  long  gulf. 

In  mica  slate  and  gneiss,  which  are  about  of  equal  hardness,  I  will 
mention  two  cases  ;  one  of  which  I  have  examined  this  summer,  in 
company  with  Prof.  Henry,  Trof.  Gnyot,  Mr.  Saxton,  and  one  or 
two  other  gentlemen.     It  is  west  of  Washington,  about  16  miles, 
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upon  the  Potomac.  Their  height  at  great  Falls,  above  tide  water,  is 
112  feet ;  the  whole  fall  is  82  feet.  Perpendicular  walls  of  hard  mica 
slate,  whose  strata  run  in  the  same  direction  as  the  river  and  dip 
east  about  70°,  enclose  the  river  to  the  height  of  from  GO  to  70  feet, 
at  least  four  miles,  and  farther  down  the  banks  are  high  and  near, 
even  as  far  as  Georgetown.  That  river  has  certainly  worn  back, 
under  most  unfavorable  circumstances,  at  least  four  miles,  to  a 
height  of  70  or  80  feet.  You  can  see  the  walls  three  or  four  miles 
down  the  river,  as  you  stand  on  the  bank.  Now,  to  my  mind,  this 
conveys  the  impression  of  a  much  longer  abrasion  than  that  of  the 
Niagara  of  Western  New  York. 

Another  example  may  be  found  in  Massachusetts,  upon  the  Deer- 
field  River.  The  river  seems  to  have  cut  down  for  seven  or  eight 
miles  through  mica  slate  and  gneiss  to  the  depth  of  several  hundred 
feet,  the  strata  running  across  the  stream  at  an  angle  of  about  45°. 
Directly  west  of  Sherburne  Falls  is  a  high  mountain  across  which 
Deerfield  River  now  passes  600  feet  at  least  below  the  summit.  Now 
we  are  certain  that  this  river  once  run  80  feet  above  its  present  bed  ; 
for  at  that  height,  on  the  south  shore,  we  find  pot  holes  from  four  to 
six  feet  deep  in  the  rock  ;and  geologists  have  never  found  any  other 
agenc}'  to  produce  these,  except  river  action.  In  examining  to 
see  how  far  up  the  mountain  I  could  obtain  evidence  of  river  action,  I 
was  surprised  to  trace  it  to  the  height  of  545  feet ;  sotliat  it  has  worn 
down  the  valley  to  that  depth.  Here  then,  you  have  an  erosion  of 
545  feet,  and  perhaps  a  great  deal  more,  for  the  top  has  been  all 
swept  off,  in  the  hardest  kind  of  rock.  Now  is  it  any  more  difficult 
to  conceive  of  the  river's  wearing  through  eight  miles  of  the  same 
kind  of  strata,  between  this  barrier  and  the  place  where  it  debouches 
from  the  mountains  into  the  valley  of  Deerfield  ? 

Let  me  now  draw  a  few  inferences  from  the  facts  that  have  been 
stated. 

1.  We  have  evidence  that  the  river  has  worn  down  this  barrier 
of  545  feet,  and  probabl}^  more. 

2.  We  can  see  in  this  case  the  difference  between  the  drift  agency 
and  fluviatile  action.  The  first  has  cut  down  the  northern  slopes  and 
the  crest  of  mountains,  and  rounded  them  as  if  a  great  plane  had 
passed  over  them  ;  and  left  the  surface  covered  with  striae,  while  the 
minor  crevices  and  sinuosities  are  not  touched  generally.  The  latter 
has  smothered  all  the  inequalities,  but  has  rarely  left  any  strife. 

While  making  observations  at  this  place  it  seemed  as  if  I  were 
12 
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acquiring  a  new  pair  of  eyes  for  observing  the  geological  phenom- 
ena on  the  earth's  surface.  And,  since  that  time,  I  have  found 
them  very  useful  ;  nor  is  this  the  first  time  that  I  have  found  it 
necessary  to  be  taught  to  see. 

3.  We  may  also  infer  that  we  liave  in  this  case  the  data  for  deter- 
mining approximately  the  amount  of  erosion  of  the  river  bed  since 
the  drift  period,  and  thus  may  fix  more  definitely  the  date  of  that 
period.  Heretofore,  even  geologists  have  been  hardly  able  to  guess 
at  that  epoch  ;  but  it  seems  to  me  that  we  have  here  a  key.  For 
there  is  a  terrace  of  about  the  same  height  as  the  pot  holes — which 
has  been  cut  through  to  the  depth  of  80  feet.  Now  these  terraces 
have  certainly  all  been  formed,  that  is,  the  materials  have  been 
brought  in  to  the  valley,  and  sorted  and  arranged,  since  the  epoch  of 
the  drift ;  and  then  cut  down  to  the  depth  of  80  feet.  Consequently, 
since  those  materials  were  deposited,  Deerfield  River  has  worn  out 
its  bed  80  feet  through  gneiss  ;  and  that  is  the  amount  of  erosion 
since  the  terrace  was  formed.  But  we  must  go  still  farther  back, 
although  with  less  certainty.  We  must  go  back  through  the  time  of 
the  deposition  of  all  these  materials  of  the  terraces,  in  order  to  arrive 
at  the  epoch  of  the  drift.  With  such  facts  before  us,  can  there  be 
any  doubt  that  the  drift  period  was  long  before  the  time  when  man 
with  the  other  coeval  animals  came  upon  the  globe  ? 

It  has  been  supposed  by  some  distinguished  geologists  that  the 
drift  agency  did  not  entirely  cease,  until  after  the  creation  of  man, 
but  it  seems  to  me  that  such  facts  as  I  have  mentioned  are  strong 
against  such  an  opinion.  I  do  not  suppose  that  the  river  at  Sher- 
burne Falls  has  worn  down  its  bed  scarcel}'  an  inch  within  the 
memory  of  the  oldest  inhabitant ;  for  it  is  the  hardest  kind  of  rock. 
What  then  must  have  been  the  time  requisite  to  wear  it  down  80 
feet?  And  then  an  equal  time,  perhaps,  must  be  added  for  the  de- 
position of  the  materials. 

4.  We  get  from  this  example  some  idea  of  the  amount  of  fluviatile 
erosion  previous  to  the  drift  period.  This  will  not  be  simply  as  80 
to  545,  or  1  to  7.  For  the  barrier  was  once  probably  a  great  deal 
higher  than  at  present;  certainly  the  ridge  is  almost  double  that 
height  to  the  north  and  the  south  of  that  lower  portion  where  we  now 
can  trace  river  action.  But  the  imagination  flags  in  looking  back 
through  a  period  long  enough  to  produce  such  enormous  erosions. 

1  would  add  some  other  interesting  inferences  ;  but  they  are  not 
mature  enough  to  take  up  the  time  of  the  Association. 
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Remarks  followed  by  Dr.  Hare,  Prof.  Agassiz,  Prof.  Adams, 
Prof.  RoGKRS,Prof.  Gdyot,  Rev.  P.  Lesley ,'Pres.  Hitchcock,  Prof. 
Hall,  Dr.  Jackson,  and  Prof.  Hubbard. 


On  the  Embryology  of  Ascidia,  and  the  Characteristics  of 
New  Species  from  the  Shores  of  Massachusetts.  By 
Prof.  Louis  Agassiz. 

I  WILL  merely  give  my  remarks  in  the  form  of  apliorisms,  as  it 
is  somewhat  difficult  to  explain  such  phenomena  without  diagrams, 
and  as  I  shall  have  occasion  to  bring  up  again  this  subject  when 
publishing  my  illustrations  of  the  structure  of  these  animals  and 
their  development  from  cells. 

In  Ascidia,  I  have  traced  not  only  the  changes  which  the  egg 
undergoes,  but  the  formation  of  the  egg  itself,  and  all  its  changes 
up  to  the  time  when  the  forming  embiyo  had  undergone  all  its 
metamorphoses  and  assumed  its  final  form.  The  facts  I  have  ob- 
served show  distinctly  that  there  are  cells  developing  in  the  animal 
kingdom,  in  a  way  entirel}"^  different  from  the  views  generally  en- 
tertained by  physiologists  about  this  process-  Without  entering 
into  any  discussion,  I  will  state  what  I  have  seen,  and  upon  facts 
every  one  will  be  able  to  form  his  own  theories  as  he  chooses. 

If  we  place  under  a  microscope  an  egg  of  an  Ascidia,  in  its  primi- 
tive form,  we  notice  that  it  is  surrounded  by  membranes  which  are 
transparent.  The  outer  one  is  the  vitelline  membrane  ;  the  middle 
one  is  the  germinal  vesicle  ;  and  the  contents  are  as  Act  perfectly 
transparent.  In  time  there  is  a  change,  and  instead  of  simply  two 
such  membranes  and  no  granules  in  them,  we  observe  the  germina- 
tive  dot,  and  granules  within  the  outer  vesicle  ;  by  and  b}^  the  vitel- 
line mass  has  become  somewhat  more  condensed,  and  the  few  cells, 
which  could  be  observed  in  it  at  an  earlier  period,  have  now  become 
much  more  numerous.  The  germinative  dot,  which  was  at  first  a  sim- 
ple vesicle  with  transparent  contents,  we  observe  continually  grow- 
ing. We  notice  in  it  not  only  granules  in  greater  number,  but  these 
granules  have  grown  into  vesicles,  and  these  vesicles  are  nucleated. 

So  that  we  have  here  evidently  the  transformation  of  a  primitive 
cell,  having  no  germinative  dot,  into  an  egg  in  which  we  have  such 
a  vesicle  containing  nucleated  cells,  and  not  simply  granules.  It  fol- 
lows, from  these  simple  facts,  that  the  granules,  by  swelling,  are 


158  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

transformed  into  cells,  and  that  the  contents  themselves  are  the 
material  from  which  these  cells  are  gradually  developed. 

And  how  the  vitelline  mass  itself  is  enlarged,  I  am  prepared  to 
state.  It  is  by  the  same  process  :  the  nuclei  of  the  few  primitive  cells, 
growing  themselves  into  cells,  which  burst  the  membrane  of  the  first 
developed  cells.  Therefore  by  evolution,  by  the  swelling  of  the 
granules  in  which  new  contents  are  formed,  which  themselves  are 
capable  of  assuming  this  vesicular  form,  we  have  a  mode  of  forma- 
tion of  cells  which  differs  from  that  which  has  been  observed  else- 
where. I  would  mention  that  upon  this  egg  of  the  Ascidia,  I  have 
observed  all  over  the  vitelline  membrane  a  layer  of  epithelian  cells  ; 
so  that  it  would  be  difHcult  even  for  an  experienced  embryologist 
to  distinguish  the  egg  of  a  Rabbit  from  that  of  an  Ascidia,  so  closely 
allied  are  they  in  their  earlier  condition. 

What  renders  investigations  in  the  Ascidia  so  easy  and  so  success- 
ful, is  the  fact  that  in  every  ovary  we  may  find  eggs  in  all  stages  of 
growth,  from  eggs  just  building  up  to  the  highly  developed  new  indi- 
vidual ;  so  that  every  time  we  place  a  mass  of  eggs  under  the  micro- 
scope, we  have  a  complete  series  for  comparison  before  our  eyes. 

Tlie  figures  of  the  contents  of  these  germinative  vesicles  with 
nucleated  cells,  I  would  like  to  submit  to  those  interested  in  the  mat- 
ter, as  it  is  a  point  which  I  think  has  not  been  observed  in  eml)ryol- 
ogy,  that  the  germinative  dot  should  contain  vesicles  which  have 
themselves  a  nucleus.  Now,  after  these  contents  of  the  egg  have 
been  worked  out,  as  it  were,  by  this  process  of  the  growth  of  new 
cells,  the  whole  mass  undergoes  the  common  process  of  division,  as 
it  usually  takes  place  in  those  germs  in  which  the  yolk  divides  com- 
pletely. The  mass  is  divided,  first  into  two,  then  into  four,  then 
into  eight,  etc.,  and  the  masses  thus  divided  are  surrounded  by 
walls  as  soon  as  the  division  takes  place.  This  division  is  contin- 
ually repeated,  until  finally,  from  this  repeated  division  and  sub- 
division of  the  yolk,  the  materials  of  the  contents  of  the  egg  are 
reduced  into  small  particles,  each  of  which  is  surrounded  by  a  mem- 
brane. Here,  therefore,  another  mode  of  formation  of  cells  is  intro- 
duced ;  cells  formed  around  materials  preexisting  to  their  formation  ; 
whereas  in  the  first  instance  we  had  cells  arising  from  granules  which 
swell  and  produce  new  materials  within.  I  know  of  some  other 
modes  of  formation  of  cells,  but  as  they  do  not  belong  to  this  series 
of  observations,  I  will  not  remark  upon  them,  but  simply  insist  upon 
this  point,  that  we  have  now,  besides  the/acts  which  have  been  pre- 
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sented  before,  as  toother  modesof  formation  of  cells,  two  well  distin- 
guishable modes  of  formation  of  cells  observable  in  the  egg  of  Ascidia. 

How  the  young  germ  is  developed  and  what  clianges  it  undergoes, 
I  will  not  describe  for  the  present ;  but  simpl^^  state  that  there  is  a 
period,  after  the  subdivision  of  the  j^olk  has  been  completed,  and 
after  these  embryonic  cells  have  been  formed  by  membranes  sur- 
rounding materials  preexisting,  when  the  germ  itself  has  a  pear- 
shaped  appearance,  and  a  long  tail-like  appendage,  and  eye  specs 
upon  its  anterior  surface.  At  this  period,  the  germ  of  an  Ascidia 
resembles  those  full  grown  Ascidians  which  are  provided  with  a  tail 
and  are  attached  to  the  bottom  of  the  sea  ;  such  as  Boltenia  ;  show- 
ing that  the  lower  forms  in  all  families  are  really  analogous  to  the 
embryonic  condition  of  higher  forms  belonging  to  the  same  family, 
but  which  when  full  grown  are  thrown  off. 

After  these  general  remarks,  1  have  nothing  more  to  say,  but  to 
mention  the  species  found  upon  our  shores,  of  which  I  shall  shortly 
publish  figures. 

Ascidia  amphora,  Ag.,  the  most  common  of  all,  confounded 
hitherto  with  the  Asc.  rustica  of  Europe. 

Ascidia  psammophora,  Ag.,  whose  body  is  surrounded  all  over 
with  fine  sand.     Found  around  Cape  Cod. 

Ascidia  ocellata,  Ag.,  a  beautiful  tubular  species,  almost 
transparent,  having  a  circle  of  red  dots  (ej-es)  around  the  open- 
ings.    From  New  Bedford. 

Ascidia  carnea,  Ag.,  a  small  species,  red  colored,  with  a  smooth 
body.     Lives  in  deep  water,  upon  shells.     Not  immature. 

Ascidia  hirsuta,  Ag.,  still  smaller,  of  a  rose  color,  dotted  with 
white  ;  of  an  intense  red  around  the  square  apertures  ;  the  bod}'  is 
covered  with  fringes.     Off  Cape  Cod. 

Ascidia  rugosa,  Ag. — Surface  warty,  brown  ;  apertures  square, 
of  purple  color. 

Boltenia  microcosmus,  Ag. — Sac  larger  and  rounder  than  in  the 
species  to  which  it  has  been  formerly  referred,  Chelsea  Beach  and 
Point  Shirley;  also  George's  Banks. 


Description  of  certain  Mineral  Localities,  chiefly  in  the 
northern  part  of  Worcester  and  Franklin  Counties  in  Mas- 
sachusetts. By  Charles  Hartvtell  and  Edward  Hitchcock,  Jr. 
The  chief  object  of  this  paper  was  to  give  an  account  of  a  region 

in  the  northwest  part  of  Worcester  County,  and  the  northeast  part 
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of  Franklin  County,  which  has  furnished  several  interesting  species 
of  minerals,  and  promises  to  furnish  more.  The  authors  first  give 
some  account  of  the  geology  of  the  region  ;  then  of  the  species  of 
simple  minerals  found  there,  and  finally  of  the  crystallography  of 
those  species  which  present  rare  or  peculiar  forms.  The  principal 
species  described  are  Beryl  (of  which  the  Roy alston  locality  has 
furnished  probably  the  finest  and  most  abundant  specimens  of  any 
place  in  this  country)  ;  Allanite,  Titanic  Iron,  Feldspar,  in  crys- 
tals of  enormous  size  ;  Rutile,  of  which  the  bare  locality  has  pro- 
duced some  fine  crystals  ;  Crystallized  Mica  ;  Epidote,  very  fine  ; 
Babingtonite  ;  Henlandite  ;  Bencholzite  ;  RoseTreanto  ;  Cinnamon 
Stone  ;  Idocrase  ;  Magnetic  Oxide  of  Iron  ;  Schorl,  etc.,  etc.  Among 
the  crystals  presented  was  one  of  Spodumani  (from  Xorwich,  in 
Massachusetts),  with  several  secondary  terminating  planes. 
Adjourned. 

C.  B.  ADAMS,  Secretary. 


August  IGth — Afternoon, 
GENERAL  SESSION. 

A  COMMUNICATION  was  presented  hy  Lieut.  Maury,  of  the  Na- 
tional Observator}',  upon  the  "Winds  and  Currents  of  the  Atlantic 
Ocean. 

Prof.  Bache  remarked,  that  the  points  investigated  by  Lieut. 
Maury  were  not  only  interesting  to  navigators,  butalsoin  ascientific 
point  of  view,  and  would  undoubtedly  lead  to  most  important  gen- 
eralizations in  regard  to  the  winds  and  currents.  The  fact  which 
Lieut.  M.  had  mentioned,  of  the  curves  of  the  winds  towards  the 
continent,  seemed  at  once  to  point  to  the  Gulf  Stream  as  perhaps 
the  cause  of  the  rarefaction  producing  those  currents.  He  also  al- 
luded to  the  fact  that  Lieut.  M.  had  found  some  regions  so  little 
known,  as  to  make  it  desirable  to  explore  them  with  more  precision 
than  could  be  done  b}' ordinary  observation  not  especiall}'  directed 
to  such  an  end,  both  for  the  sake  of  ascertaining  tlie  direction  of 
the  winds  and  the  temperatures.  He  hoped  that  the  Association 
would  assist  in  the  work,  and  would  lend  their  influence  to  Lieut. 
Maury  to  procure  the  means  necessary  for  the  purpose. 

Prof.  Peirce  related  the  anecdote  of  an  old  Greek  philosopher, 
who,  having  been  reproached  that  science  was  useless  because  money 
could  not  be  made  out  of  it,  foreseeing  that  it  was  to  be  a  very  good 
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season  for  grapes,  bought  all  the  wine-presses,  and  made  his  for- 
tune out  of  it ;  by  that  means  silencing  all  cavillers. 

In  one  fact  related  by  Lieut.  Madry,  there  was  an  answer  to  all 
who  doubted  the  use  of  scientific  investigations  upon  winds,  show- 
ing the  vast  pecuniary  benefit  to  -the  countrj'^  which  had  alread}'  re- 
sulted from  these  researches.  Four  days  saved,  in  all  the  vessels 
and  all  the  commerce  from  the  United  States  to  Rio  Janeiro,  or  in 
that  direction,  and  probably  upon  all  the  commerce  of  Europe  in 
that  direction  !  "Who  could  calculate  the  annually  increasing  value 
of  a  saving  of  four  days'  sail  of  every  ship  passing  in  that  direc- 
tion ?  In  a  scientific  view,  it  was  easy  to  see  that  by  means  of  these 
charts,  new  light  had  been  thrown  upon  the  subject  of  the  trades 
and  the  monsoons.  The  whole  thing  was  a  most  striking  proof  of 
what  could  be  done  bj^  pursuing  things  in  their  right  way.  A 
happj'^  method  of  combining  results  was  the  foundation  of  this  im- 
provement. What  a  rich  field  was  open  for  future  research  !  He 
agreed  with  Prof.  Bache  in  the  hope  that  the  Association  would 
pass  resolutions,  or  in  some  other  way  promote  the  progress  of 
these  investigations,  and  inquired  if  a  Committee  had  not  been 
already  appointed  to  request  the  aid  of  foreign  navigators. 

Lieut.  Maurt  replied  that  such  a  Committee  had  been  appointed  ; 
but  he  did  not  know  that  they  had  taken  anj^  steps  to  this  end. 
He  supposed  that  all  that  was  wanted  was  to  ask  for  the  log-books 
of  the  myriads  of  foreign  vessels,  to  obtain  them. 

This  subject  was,  on  motioa  of  Prof.  Bache,  after  remarks  by 
Prof.  Peirce,  Dr.  Hare,  Prof.  W.  R.  Johnson,  and  Lieut.  Maury, 
referred  to  the  Standing  Committee. 

On  motion,  Lieut.  Charles  H.  Davis  was  added  to  the  Com- 
mittee upon  the  Prime  Meridian,  he  having  previously  declined, 
but  upon  further  consultation  having  been  induced  to  accept. 

Prof.  Henry  then  presented  an  account  of  the  photographic 
registering  magnetic  apparatus,  used  at  the  observatory  at  Toronto. 

After  some  remarks  by  Dr.  Hare,  the  Association  adjourned  to 
meet  at  half-past  7  o'clock  in  the  evening,  at  Lyceum  Hall. 

E.  N.  HORSFORD,  Secretary. 
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TJiird  Day,  August  16,  1849. 
EVENING  SESSION. 
The  Association  met  at  7^  o'clock,  p.  M.,  in  Lyceum  Hall. 
The  following  oral  communication  was  presented  : — 

On  the  Progress  of  the  Survey  of  the  Coast  of  the  United 
States.     By  Prof.  A.  D.  Bachk. 

In  saying  a  few  words  this  evening  to  the  Association  on  the 
subject  of  the  past  and  future  progress  of  the  Surve}'  of  the  Coast 
of  the  United  States,  I  need  hardly  speak  of  the  importance  of  the 
Avork — of  its  importance  as  a  correlative  to  navigation,  of  its  im- 
portance in  view  of  the  great  commercial  interests  of  every  part  of 
our  country.  Opinions  are  not  divided  upon  that  subject.  Nor 
need  I  trouble  you  with  statistical  details  ;  but  rather,  addressing 
to  you  a  plain  statement  of  the  progress  of  the  work,  by  the  aid  of 
diagrams,  which  will  address  the  eye,  let  me  endeavor  to  show 
what  has  been  done  towards  the  Survey  of  the  Coast  in  times  past, 
what  is  now  being  done,  and  what  may  be  the  future  progress  of 
the  work  until  it  is  finally  brought  to  an  entire  completion. 

The  Survey  of  the  Coast  was  first  proposed  by  Mr.  Jefferson,  in 
1807.  Congress  acted  upon  the  subject  but  tardily.  The  Execu- 
tive Avas  even  more  tardy  after  the  law  had  been  passed.  At  that 
time  the  importance  of  the  work  was  hardly  understood.  The  work 
was  greatly  in  advance  of  the  times.  Mr.  Gallatin  sketched  the 
plau  of  a  magnificent  geodetic  work  ;  one,  which,  embracing  the 
Survey  of  the  Coast  of  the  United  Slates,  should  connect  with  it  a 
survey  on  the  water  of  all  the  approaches  to  that  coast.  It  was  no 
small  work.  It  was  not  limited  to  the  survey'  of  harbors,  nor  to  the 
small  extent  of  country  capable  of  being  grasped  by  the  ordinary 
modes  of  surveying  ;  but  it  was  a  geodetic  work  in  which  astronom- 
ical observations  should  fix  the  principal  headlands  of  the  coast ; 
in  which  suitable  bases  should  be  measured  for  triangulations,  and 
the  distance  between  points  should  be  accurately  determined  by 
reference  to  those  bases  ;  in  which  the  topographical  features  of  the 
coast,  as  far  as  required  by  the  navigator,  should  be  ascertained  ;  and 
in  which  the  hydrography  of  the  coast,  connected  with  this  great 
geodetic  operation,  should  be  made  perfect  and  complete  in  all 
its  parts. 

Mr.  Ilassler,  a  gentleman  from  that  nest  of  republics  and  repub- 
licans from  which  it  seems  we  still  love  to  draw  for  the   science 
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of  our  country, —  Switzerland, —  was  placed  in  charge  of  the 
work.  He  was  a  man,  like  the  work  itself,  in  advance  of  the  time  ; 
he  was  one  of  those  far-reaching  men  who  find  nothing  around  them 
ripe  for  action,  and  who  must  be  content  to  bide  the  slow  progress 
of  circumstances  before  they-  can  be  perfectly  understood.  He 
found  no  instruments  in  this  country,  nor  indeed  in  Europe,  at 
that  time,  which  canoe  up  to  his  idea  of  what  was  required  in  a 
great  work  such  as  he  figured  to  himself  should  be  the  Survey  of 
the  Coast  of  the  United  States.  He  tlierefore  obtained  permis- 
sion to  go  to  Europe,  and,  from  drawings  of  his  own,  had  the  in- 
struments made  with  which  the  survey  was  to  be  commenced. 

We  all  of  us  know  how  impatient  our  countrymen  are  with  regard 
to  all  such  matters.  Now  here  was  a  great  work  to  be  commenced 
in  a  country  which  was  not  ripe  for  it.  Mr.  Hassler,  no  doubt,  had  a 
clear  idea  of  all  the  steps  of  his  process  ;  but  where  were  the  men  to 
assist  him?  Where  were  the  men  to  understand  him?  Where  were 
tlie  men  to  lend  him  sj-nipathy  and  support  in  such  an  immense 
undertaking  ?  He  must  necessarily  have  gone  slowly  for  the  want 
of  agents  to  assist  him,  of  persons  trained  to  this  kind  of  work.  In 
1816,  Mr,  Hassler  commenced  the  survey  ;  and  in  1818,  from  the  idea 
that  he  w^as  proceeding  too  slowly  in  the  work,  it  was  stopped. 
Just  about  the  time  he  was  in  his  prime,  the  government  stopped 
the  work  ;  at  least  as  far  as  his  direction  of  it  was  concerned. 

It  was  revived  in  1832.  The  sixteen  years  which  had  elapsed 
might  have  been  time  enough  to  give  his  plans  their  full  development, 
and  perhaps  to  finish  the  coast,  as  it  stood  then,  and  when  he  was  in 
his  prime.  When  he  resumed  the  work,  it  was  at  an  advanced  period 
of  his  life  ;  but  still,  with  that  indomitable  perseverance  and  zeal 
which  characterized  him,  he  determined  to  carry  out  his  original 
plan.  When  the  Survey  of  the  Coast  was  renewed,  in  consequence 
of  the  law  of  1832, he  seemed  indeed  to  have  more  extended  ideas  of 
what  the  work  might  be  made.  We  ma}'  judge  of  this,  from  the  fact 
that  the  second  series  of  operations  which  he  undertook  was  upon  a 
larger  scale  than  the  first,  and  more  in  accordance  with  the  geodesy 
of  modern  times  than  those  with  which  he  originally  commenced. 
His  instruments  for  measuring  horizontal  angles,  made  at  that  day, 
under  his  direction,  remain  now,  as  good  as,  if  not  better  than,  any 
which  have  been  used  in  the  surveys  abroad.  In  1844,  when  he  was 
rapidly  developing  his  ideas,  because  he  had  found  assistants  to  aid 
him,  because  he  had  eflScient  officers  of  the  army,  officersof  the  navy, 
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and  efficient  civilians  to  cooperate  in  tlie  woi'k,  trained  to  its  du- 
ties, lie  was  tal^en  from  bis  adopted  country,  and  his  labors  were 
closed  by  death. 

The  first  year  with  me,  the  year  1844,  was,  so  to  speak,  a  j'^ear  of 
observation.  I  had  heard,  of  course,  as  j^ou  all  had  heard,  complaints 
of  the  slowness  with  which  the  Coast  Survey  was  going  on,  from 
those  who  never  inquired,  perhaps,  as  to  where  the  blame  lay,  or 
where  the  remedy  lay.  I  saw  that  the  survey  was  proceeding  stead- 
ily. I  saw  tliat  we  were  sometimes  made  responsible  for  that  over 
which  we  had  little  or  no  control.  In  pecuniary  matters,  when  one 
has  a  certain  sum  assigned  him,  to  do  a  certain  work,  and  when  he 
has  done  all  that  sum  will  enable  him  to  do,  how  can  you  say  to  him, 
"  You  do  not  go  on  fast  enough  ;"  unless  he  should  show  his  ina- 
bility to  use  more  means  when  he  asked  for  them,  and  they  were 
poured  upon  him  ?  I  am  not  aware  that  the  means  placed  at  the  dis- 
posal of  any  superintendent  of  the  Coast  Survey  have  been  too  large, 
nor  do  I  know  that  any  superintendent  has  been  behindhand  in 
asking  from  the  Executive,  and  from  Congress,  the  means  which  he 
deemed  necessary  for  the  work.  It  must  be  obvious  that,  when  it 
is  a  question  of  time,  if  you  increase  the  expenditure,  the  wOrk  will 
go  on  in  proportion.  But  if  it  is  not  a  question  of  time,  but  a 
question  of  what  is  called  an  economical  administration  of  the 
government,  then  give  us  time.     Give  us  one  or  the  other. 

Still  it  appeared  to  me  that,  in  some  wa}-  or  other,  the  work  might 
be  accelerated.  Feeling  that  same  nervous  impatience  whicli  be- 
longs, I  suppose,  to  all  Americans,  I  felt  as  if  the  work  might  go 
faster ;  as  if  the  experiment  were  worth  making,  at  all  events,  if  I 
could  get  the  means  to  make  it.  But  then  I  had  all  Mr.  Hassler's 
foundation  to  build  upon.  It  was  not  the  foundation  I  was  laying  ; 
but  I  was  building  part  of  a  superstructure.  Whatever  I  might 
originate  in  the  work,  it  could  be  only  a  new  form  of  superstructure. 
But  there  were  the  persons  ready  trained  ;  there  Avas  the  country 
greatly  advanced.  The  colleges  and  other  institutions  of  the  coun- 
try had  been  pouring  out  educated  young  men.  In  West  Point 
they  had  been  teaching  these  very  branches  of  practical  and  theo- 
retical science,  and  naval  officers  had  been  students.  The  science 
of  the  country  was  altogether  upon  a  different  level  in  1845  from 
what  it  was  when  the  surve}'  was  proposed  in  1807,  or  when  it  was 
commenced  in  1816.  So  that  it  was  only  necessary'  to  fmd  some  way 
of  accelerating  the  work,  in  accordance  with  legitimate  scientific 
principles,  and  to  obtain  the  means,  for  the  men  were  not  wanting. 
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Mr.  Ilassler's  plan  was  to  commence  the  work  at  the  great  com- 
mercial mart  of  New  York,  and  then  extend  it  in  a  direction  south- 
erl3'  and  northerly  from  that ;  working  at  the  two  ends.  I  saw 
that  if  we  were  only  to  extend  it  at  the  two  ends,  there  was  a  limit 
put  at  once  to  progress.  I  saw  that  it  was  necessary  either  to  be 
satisfied  with  that  progress,  by  extension  at  the  two  ends  of  the 
work,  or  to  adopt  a  system  of  separate  centres,  where  the  extension 
of  the  work  would  depend  entirely  upon  the  means  at  the  disposal 
of  the  superintendent ;  because,  having  these  separate  centres,  he 
could  indefinitely  multiply  the  number  of  agents  to  whom  the  work 
might  be  intrusted  ;  and  the  number  would,  therefore,  be  limited 
only  by  the  means  placed  at  his  disposal. 

The  question  of  the  manner  of  making  the  division  depended  upon 
the  then  progress  of  the  work  itself,  and  the  manner  of  operation. 

The  plan  of  operations  in  the  Coast  Survey  is  briefly  this  : — 

First,  a  base  line  is  measured  by  the  most  accurate  means  we  can 
devise  ;  say  aline  of  from  six  to  ten  miles  in  length.  We  have  some 
bases  as  small  as  six  miles  ;  and  we  have  one  of  upwards  of  ten 
miles  in  length. 

Having  established  the  length  of  this  base,  a  series  of  triangles  is 
adopted,  with  gradually  increasing  sides,  the  lengths  of  which,  or  the 
distances  between  the  angular  points,  are  known  from  the  base  and 
measured  angles.  By  measuring  the  angles  from  the  extremities  of 
the  base,  the  length  of  which  is  exactly  known,  we  obtain  the  direc- 
tion and  distance  of  a  new  point,  and  thus  a  new  base  line.  That 
line,  in  turn,  establishes  another  at  a  still  greater  distance  ;  and 
thus  the  surface  of  the  earth  is  covered  with  a  network  of  triangles, 
each  side  of  each  triangle  being  calculable  from  the  measure  of  the 
angles,  and  from  the  length  of  the  originally  determined  base.  This 
would  be  eas}',  were  the  triangulation  upon  a  plane  surface ;  but 
the  calculation  is  not  so  simple  as  it  would  at  first  appear.  The 
earth  must  be  considered,  in  computing  these  large  triangles,  not 
merely  as  a  sphere,  but  as  a  spheroid.  But  I  will  not  enter  upon 
that,  at  the  present  time.  This  triangulation  has  the  advantage,  you 
will  observe,  that  points,  between  which  you  cannot  measure,  may 
be  determined  with  perfect  accuracy,  within  any  assignable  limits 
you  choose  to  impose  upon  yourself. 

Next  comes  the  astronomical  part  of  the  survey.  The  direction  of 
the  lines  with  reference  to  the  meridian  must  be  known.  The  lati- 
tude of  the  points  must  be  ascertained,  and  their  longitude  must  be 
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determined.  Having  tliese  data,  we  then  linovv  from  computation 
tlie  latitude  and  tlie  longitude  of  any  poini,  and  the  angle  with  the 
meridian  of  any  line  connected  with  the  triangulation.  Tliis  is  the 
second  part  of  the  work. 

We  have  thus  a  great  scheme  in  which  the  progress  may  be  very 
rapid,  because  the  steps  ma}'^  be  very  great.  You  may  have, — as 
we  have  in  some  cases  in  our  New  England  triangles, — a  side  of  60, 
90,  or  even  100  miles  in  extent ;  and  thus  3'ou  may  make  vast  strides 
along  the  coast  at  once,  by  taking  advantage  of  hills  properly  situa- 
ted in  tlie  interior  of  the  country  and  overlooking  the  ocean  shore. 

Having  determined  these  points  with  great  nicety,  with  large 
instruments,  and  much  care,  the  work  between  them  need  not  be 
done  so  elaborately.  New  points  are  determined  between  the  former 
upon  the  same  great  system  of  triangulations,  called  the  secondary 
triangulations.  Upon  this,  with  a  still  less  exact  mode  of  work- 
ing— namely,  with  the  plane  table — the  topography  is  laid  down 
so  far  as  it  may  be  necessary,  to  show  the  coast  to  the  navigator, 
and  for  purposes  of  defence.  All  the  points  are  checked  by  the 
secondary  triangulations,  which  in  their  turn  are  checked  by  the 
primary  ;  so  that  having  taken  great  pains  in  the  first  part  of 
the  work,  you  cannot  wander  far  out  of  the  wa}'  in  the  second  part 
of  the  work,  or  in  the  topograph}^ 

Having  thus  determined  the  outline  of  the  coast,  the  hydrography 
gives  you  a  picture  of  the  bottom  of  the  sea,  just  such  as  the  to- 
pography gives  3'ou  of  the  land  above  its  surface  ;  and  this  com- 
pletes the  survey. 

Novv  these  triangulations,  the  astronomical  measurements,  and 
the  topography,  had  been  carried,  at  the  time  that  I  took  charge  of 
the  survey,  into  Narragansett  Ba}',  on  the  one  side,  and  into  the 
Chesapeake  Bay  upon  the  other.  It  was  a  plain  thing,  then,  for  me 
to  go  on  with  the  triangulation  to  the  eastward,  and  to  cany  on  the 
work  to  the  southward,  thus  burning  the  candle,  as  it  were,  at  both 
ends.  I  preferred,  however,  to  divide  it  into  parts  and  set  other  por- 
tions to  burning  also.  Estimating,  as  well  as  I  could,  from  the  best 
means  to  which  we  had  access,  the  shoreline  of  the  coast — by  which 
I  mean  to  include  all  the  indentations,  estuaries,  rivers  up  to  the 
head  of  tide  water,  and  harbors — I  endeavored  to  divide  the  coast 
into  as  man^^  sections  as  I  thought  the  means  I  should  be  likcl}'  to 
obtain  would  allow  me  to  commence  the  survey'  in. 

The  question  was  asked  me  about  this  time,  how  long  I  thought  the 
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snvve}'  would  be  in  finishing.  Tliis  was  at  tlie  session  at  which 
Texas  was  annexed  ;  and  I  asked  the  gentleman  what  extent  of  coast 
he  meant  to  include?  Did  he  mean  to  the  St.  Mary's?  Did  he 
mean  to  include  Florida  and  Louisiana,  which  had  been  purchased 
after  the  survey  had  been  commenced?  Did  he  mean  to  include 
this  coast  of  Texas,  which  we  had  just  been  adding  to  the  Union,  and 
which  alone  had  added  two  years  to  the  duration  of  the  survey? 
Since  then  Oregon  has  been  made  a  territory,  and  California  acquired, 
and  thus  the  limits  of  our  coast  have  been  greatly  extended,  and 
this  extension  the  importance  of  the  survey  has  greatly  increased. 

Originally,'  to  return  to  my  statement,  I  divided  the  survey  into 
eight  sections.  Texas  made  a  ninth  section.  Oregon  makes  a 
tenth.  Now  I  will  show  3'^on,  as  well  as  our  time  will  permit,  how 
far  we  have  progressed  in  the  several  sections  ;  I  have  had  these 
diagrams  colored,  so  that  you  can  almost  see  for  yourselves  the 
whole  extent  of  the  work. 

[Prof.  B.  then  proceeded  to  explain  from  the  diagrams  the  prog- 
ress of  the  work.] 

In  the  first  section,  from  Point  Judith  to  the  boundary,  we  have 
now  finished  the  primary  triangulations,  from  the  base  on  the  Boston 
and  Provid  ence  Railroad,  along  the  coast  of  Rliode  Island ,  Massachu- 
setts, New  Hampshire,  into  Maine.  The  point  which  I  expect  in  a 
few  days  to  occupy  is  in  the  neighborhood  of  Portland.  Now  it 
would  be  very  easy  for  me  to  calculate  how  long  it  would  take  me  to 
extend  these  primary  triangulations  to  the  boundary  ;  because  I  have 
the  statistics  of  this  part  of  the  work  ;  I  know  how  long  it  has  taken 
me  to  do  a  similar  amount  of  this  work.  But  my  object  is  not  to  carry 
the  operations  at  once  to  the  boundary,  in  the  shortest  space  of  time, 
because  I  am  already  in  advance  of  the  secondary  triangulations. 
This  is  a  part  of  the  coast  where  the  primary  triangulation  may  be 
carried  on  rapidly.  The  hills  of  New  England,  as  Mr.  Hassler  said, 
seem  as  if  they  had  been  made  for  triangulation.  Tliey  are  so  situ- 
ated that  we  can  pass  rapidly  along  the  coast  with  long  strides  ;  and 
the  only  difficulty  is  to  avoid  being  tempted  to  make  the  lines  too 
long.  I  have  frequently,  however,  in  taking  such  long  lines,  taken 
also  an  intermediate  shorter  line,  for  the  purpose  of  verification.  We 
have  ihen  passed,  in  five  years,  on  the  primary  triangulation,  from 
Rhode  Island  to  Maine  ;  and  it  could  have  been  done  in  three  years, 
had  it  been  desiral)le  so  to  occupy  the  time.  But  being  so  far  in 
advance,  I  am  enabled  to  occupy'  a  portion  of  the  season  at  the 
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South,  in  the  autumn  and  in  tlie  spring,  and  thus  not  to  confine  the 
field  of  my  personal  labors  to  one  section,  but  to  spread  it  over 
many  sections,  and  particularly  to  establish  the  bases  upon  which 
the  triangulations  in  the  different  sections  rest. 

The  secondary  triangulation  has  extended  along  the  shore,  deter- 
mining the  positions  of  points  near  the  coast,  around  the  peninsula 
of  Cape  Cod  to  Cape  Ann.  There  are  now  two  parties  at  work 
upon  this  step  in  the  process  ;  one  passing  from  Cape  Ann  to  New- 
buryport  and  the  other  from  Newburyport  to  Portsmouth  ;  so  that 
by  the  end  of  the  season,  we  shall  have  reached  nearly  to  Saco,  in 
Maine,  with  our  secondary  triangulation. 

The  topography  has  been  carried  regularly  foi'ward  in  the  same 
way,  with  but  one  exception,  in  which  I  have  perhaps  taken  some 
responsibility.  I  certainly  did  have  Boston  Harbor  surve3'ed  two 
years  before  it  would  have  been  done  in  the  regular  course.  But 
then  I  had  a  very  violent  motive  for  this  ;  namely,  an  appropriation 
made  by  the  State  of  Massachusetts  to  hasten  the  survey  of  the 
coast ;  an  act  of  liberality  which  has  never  been  imitated  b}'  any 
other  State  in  the  Union.  We  have  two  large  manuscript  maps  of 
Boston  Harbor,  which  3'ou  will  see  in  the  State  House,  in  the 
month  of  October  next,  of  a  very  finished  character. 

Thus,  in  six  years  (adding  the  present  year),  at  this  end  of  the 
work,  we  have  advanced  from  Point  Judith,  with  the  primary  tri- 
angulation, to  Portland,  with  the  secondary  beyond  Portsmouth, 
and  with  the  topography  to  Gloucester. 

The  hydrographers  have  had  a  long  and  difficult  piece  of  work  in 
this  section.  They  have  had  those  famous  Nantucket  Shoals  to  stop 
them.  But  if  the  Survey  had  rendered  no  other  benefit  to  the  coun- 
try than  making  known  the  before  unknown  and  hidden  dangers  of 
that  part  of  the  coast — dangers,  because  unknown  and  hidden — it 
certainly  would  have  repaid  to  the  country  in  money  the  whole 
amount  which  it  has  cost.  One  vessel  which  came  very  near  strand- 
ing upon  shoals  —  now,  through  the  enterprise  of  Lieut.  Com'g 
Chai'les  H.  Davis,  made  known  and  familiar  to  us — had  a  cargo 
which  paid  the  Government  a  duty  of  $125,000  ;  and  if  this  sum  had 
been  devoted  to  the  survey,  the  shoal  would  have  been  discovered 
years  ago.  1  have  endeavored  to  mark  upon  this  map  the  discoveries 
which  Lieut.  Davis  has  made.  They  consist  of  an  important  shoal 
outside  of  the  Old  South  Shoal  of  Nantucket,  lying  directly  in  the 
track  of  vessels  from  New  York  to  Europe  and  returning,  and  of 
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vessels  passing  from  the  New  England  States  to  the  Southern  States, 
and  South  America.  The  dangers  which  he  has  developed,  and 
six  of  which,  he  made  known  last  year,  have,  for  all  time,  enrolled 
his  name  among  the  benefactors  of  his  race. 

The  hydrography  has  been  extended  up  Buzzard's  Bay,  through 
Nantucket  Sound,  and  through  the  Vinej'ard  Sound  ;  it  has  embraced 
the  Nantucket  Shoals,  and  has  included  the  hydrography  of  Bos- 
ton Harbor,  an  accurate  chart  of  which  has  been  made. 

The  results  of  the  survey  pass  through  a  regular  process,  from  the 
time  the  observations  are  made  in  the  field,  to  the  time  the  map  is 
produced  in  the  office.  The  assistants,  who  make  the  observations, 
report  them  and  compute  them.  Other  computers  also  pass  over 
the  same  calculations.  The  results  are  brought  into  juxtaposition 
and  compared.  If  the^^  agree,  they  are  considered  as  correct.  If  they 
disagree,  the  cause  is  carefully  examined  and  the  error  corrected. 
The  results,  thus  verified,  are  placed  upon  paper  in  the  ordinary 
forms  of  projection  of  maps.  They  are  next  engraved,  as  fast  as  we 
can  find  hands  to  engrave  them  ;  and  when  engraved  they  are  made 
public. 

We  have  published,  within  the  five  years  past,  twenty-five  sheets  of 
maps  of  a  very  finished  kind.  They  have  been  examined,  by  our  own 
citizens,  and  by  foreigners  ;  and  I  believe  with  approval  in  every 
case.  I  have  carefully  compared  them  with  foreign  maps,  in  order 
to  see  where  we  stood,  and  what  we  had  to  learn.  The  arrange- 
ments for  this  part  of  the  work  are  not  now  quite  adequate  to  the 
demand  of  the  field  work.  The  force  of  computers  requires  to  be 
increased  ;  the  force  of  draughtsmen  and  of  engravers  requires  to  be 
increased.  It  is  a  remarkable  fact,  such  is  the  prosperity  of  this 
branch  of  art,  and  such  the  demand  for  engraving  in  common  life, 
that  it  is  almost  impossible  to  get  a  good  map-engraver  to  leave  his 
home  for  any  inducement  I  can  oflTer  him,  to  come  to  Washington 
and  place  himself  there  under  our  direction  in  the  office.  Our 
attempts  to  procure  work  by  contract,  out  of  doors,  in  a  finished  style 
and  with  exactitude,  have  been,  in  some  instances,  partially  success- 
ful. It  was  a  source  of  complaint  that  Mr.  Hassler  sent  abroad  for 
engravers.  Now  I  know  that  they  cannot  be  had  at  home.  When 
we  wanted  to  increase  the  force  of  our  engravers,  we  could  not 
tempt,  by  any  reasonable  emolument,  such  engravers  as  we  wanted 
to  engage  in  the  service  of  the  government.  The  only  reply  was  a 
natural  one,  and  one  which  1  could  not  meet  by  argument : — "I  am 
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at  home  here  ;  my  family  relations  are  all  here  ;  I  do  not  wish  to 
change  them  ;  I  have  as  much  to  do  as  I  can  attend  to  ;  and  I  can 
earn  just  as  much  as  I  need, -and  therefore  do  not  wish  to  leave  my 
home  nor  to  make  any  engagement  with  the  government." 

It  is  easy  to  see  when  the  first  section  of  the  work  may  be  finished. 
There  are  about  sixteen  stations  to  the  boundary,  which  could  be  oc- 
cupied in  twoyears  and  a  half,  at  the  present  rate,  making  the  astro- 
nomical observations  as  well  as  the  geodetic.  I  do  not  propose  to 
do  so,  because  ray  time  in  the  spring  and  autumn  is  better  employed 
in  other  positions  ;  and  it  would  be  better,  therefore,  to  occupy  two 
stations  in  the  north  in  a  year,  than  to  occupy  six  or  eight,  as  I 
have  done  when  it  was  necessary,  in  order  to  get  ahead  of  the  other 
operations  of  the  survey.     So  much  for  the  first  section. 

The  second  section  is  done,  excepting  the  work  of  verification  and 
making  necessary  changes.  Tiiere  was  a  rich  harvest  of  hydrog- 
raphy inLong  Island  Sound, — discoveries  of  detached  rocks,  about 
which  little  had  been  said.  But  in  the  case  of  the  entrance  to  New 
York  harbor,  there  was  a  richer  harvest  still ;  for  there  Captain 
Gedne}'  found  a  new  channel  now  called  by  his  name.  This  was 
either  a  new  channel,  or  a  channel  which  had  long  existed,  but  was 
newh^  discovered,  most  probably  the  latter,  and  that  in  the  progress 
of  the  hydrography  of  the  Coast  Survey.  The  advantages  of  a  chan- 
nel, having  two  feet  more  of  water  in  it  than  the  main  ship  channel, 
will  be  appreciated  b}^  all.  Buoys  have  been  placed  in  it,  and  it 
is  easy  to  find  the  way  out  and  in. 

It  was  reported  last  year  that  it  was  filling  up  ;  which,  in  passing, 
be  it  said,  is  not  true.  It  is  often  remarked  that  the  coast  is  chang- 
ing every  year,  and  that  there  is,  therefore,  little  use  in  surveying 
it.  The  truth  is,  that  there  are  a  few  points  in  which  the  coast  is 
really  changing,  and  those  points  should  be  carefully  watched.  AVe 
should  know  where  they  are,  and  why  they  are  changing ;  how  to 
stop  the  changes,  if  it  is  necessary,  and  how  to  avail  ourselves  of 
them,  if  it  is  necessary.  But  in  New  York  harbor,  it  was  the  easiest 
thing  in  the  world,  ata  trifling  cost,  to  have  the  hydrography  repeat- 
ed, and  the  result  showed  that  there  are  not  six  inches  of  water,  more 
or  less,  than  there  were  when  the  survey  was  made, so  that  the  changes 
which  have  taken  place  in  the  harbor,  if  any,  are  exceedingly 
slight.  And,  considering  the  nature  of  the  operations  of  sounding,  I 
should  say  that  there  had  been  probably  no  change.  The  discovery 
remains  valid  to  this  day — the  goodness  of  the  channel  unimpaired. 
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The  discovery  or  determination  of  three  channels  in  Delaware 
Bay  rewarded  the  exertions  of  the  officers  engaged  there — Captain 
Gedne3'  and  Lieut.  Davis.  These  channels  are  not  of  so  much  inter- 
est as  the  channel  into  New  York  harbor  ;  but  the}'  are  of  very  great 
importance.  One  of  them  is  now  constantly  used  by  vessels  carrying 
coal  from  Philadelphia  to  the  eastern  parts  of  the  Union  ;  buoys 
having  been  placed  in  it,  so  that  it  is  known.  Another  one  enables 
vessels  to  pass  directly  across  to  the  breakwater,  when  they  are 
lying  in  Cape  May  Roads,  and  the  wind  comes  out  at  northwest, 
exposing  them  to  the  dangers  of  a  lee-shore. 

It  has  been  asserted  also  of  Delaware  Bay,  that  it  is  constantly 
changing.  I  have  had  the  entrance  resurveyed  within  two  years, 
and  the  result  shows  that  the  changes  of  the  entrance  have  been 
slight  indeed.  No  change  that  would  be  perceived  in  an  ordinary 
survey,  has  been  indicated  since  the  survey  six  years  ago. 

This  section  of  the  work  (the  second)  then,  I  consider  as  com- 
pleted, excepting  a  portion  of  the  work  of  verification.  The  off-shore 
hj'drography  along  the  coast  is  better  described  by  the  depth  of 
water,  than  by  the  distance  from  the  shore  to  which  it  has  been  ex- 
tended. TJie  depth  to  which  the  soundings  are  carried  was  one  hun- 
dred and  twenty  fathoms.  The  off-shore  work  from  Blaclc  Island  to 
Cape  Henlopen  has  been  represented  upon  a  chart,  now  in  the  course 
of  engraving,  which  I  presume  will  be  completed  bj'^  next  February. 

For  reasons  which  I  have  endeavored  to  intimate  this  evening, 
although  I  have  not  fully  developed  them,  Mr.  Hassler  did  not  imme- 
diately publish  his  results  ;  and,  in  taking  charge  of  the  surve\',  I 
found  a  large  amount  of  back-work  to  be  brought  up.  The  ideal 
have  had,  from  the  first,  has  been  to  bring  up  the  back- work,  and 
then  to  keep  the  publication  abreast  of  the  work  itself;  and  I  have 
nearly  been  able  to  effect  this,  though  the  work  has  been  increased 
rather  faster  than  the  means  for  engraving  have  enabled  us  to  pub- 
lish. The  third  section  extends  from  the  Capes  of  the  Delaware  to 
the  Capes  of  the  Chesapeake,  and  includes  the  States  of  Maryland, 
Virginia,  and  a  part  of  Delaware.  The  primary  trianguiation  has 
been  carried  down  the  Chesapeake  into  Virginia,  and  1  have  very 
little  doubt  from  the  report  of  the  assistant  who  had  charge  of  that 
part  of  the  work,  that  the  triangulations  will,  this  season,  reach  the 
James  River.  The  secondarj^  trianguiation  already  extends,  both 
in  the  Chesapeake  Bay  and  on  the  ocean  shores,  into  Virginia. 

The  connection  of  the  Capitol  and  National  Observatory'  with  the 
13 


172  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

coast  stations  has  been  nearly  completed.  Now  it  is  plain  that  we 
may  estimate  when  this  section  will  be  done.  The  primary  triangu- 
lation  cannot  occupy  more  than  two  years  ;  the  secondary,  perhaps 
a  year  more  ;  the  topography,  which  has  so  far  kept  pace  with  the 
triangulation,  we  may  suppose  will  be  a  year  and  a  half  or  two  years 
behind,  so  that  the  section  must  be  finished  in  four  or  five  3'ears. 
Then  there  is  the  hydrograph}^,  which  has  been  brought  down  from 
the  Capes  of  Delaware  Bay  very  nearly  to  the  coast  of  Virginia,  and 
down  the  Chesapeake  into  Virginia,  so  that  we  expect,  before  the 
winter  season,  to  reach  the  mouth  of  the  Rappahannock  River  in  the 
Chesapeake,  and  outside,  to  reach  the  southern  part  of  Broadwater 
Bay.  There  is  one  operation  of  which  1  did  not  speak,  because  it 
was  so  familiar  to  everybody — the  reconnoissance  or  preliminary 
examinations  made  so  as  to  know  exactly  where  the  triangulation 
is  to  go.  In  this  section  the  reconnoissance  is  completed,  as  in 
the  preceding  sections  to  the  eastward. 

The  fourth  section  embraces  the  State  of  North  Carolina.  The 
primary  triangulation  has  been  carried  from  the  base  measured  on 
Bodies  Island,  up  the  Albemarle  Sound,  into  Pamlico  Sound  and 
the  sheet  of  water,  which  under  the  various  names  of  Roanoke 
Sound,  Currituck  Sound,  etc.,  fills  the  space  between  the  sandy  part 
of  the  coast  of  North  Carolina  and  the  swamp  which  immediately 
joins  it — these  Sounds  constituting  the  great  line  of  communication 
between  the  Northandthe  South,  through  the  Dismal  Swamp  Canal, 
from  the  Chesapeake  Bay  into  Albemarle  Sound.  One  advantage 
derived  from  the  measurement  of  a  number  of  bases  is,  that  thus  we 
are  enabled  at  once  to  survey  the  more  important  points  of  the  coast. 
Thus,  in  thissection,  we  readily  reach  Hatteras,  one  of  the  most  dan- 
gerous points  on  our  coast.  The  triangulation  which  will  be  carried 
on  this  season  will  include  Cape  Hatteras,  and  Hatteras  Inlet,  a 
new  cove  which  has  already  been  examined  by  the  Coast  Surve3^ 
having  been  previously  known  only  to  the  pilots,  but  affording  act- 
ually a  harbor  of  refuge  where  it  is  so  much  wanted,  on  this  very 
dangerous  coast.  Lieut.  Com'g  MafEt  has  examined  this,  in  the  way 
of  reconnoissance,  and  a  preliminary  chart  has  been  published, 
showing  how  vessels  may  take  advantage  of  this  refuge. 

Itis  very  remarkable  that  natural  causes  should  tend  to  counter- 
act natural  difficulties.  Such  a  change  in  the  direction  of  the  currents 
has  taken  place  near  Cape  Hatteras  since  184G,  that  the  point  of  the 
Cape  has  begun  to  make  out,  and  thus  affords  a  natural  protection 


FOR    THE    ADVANCEMENT    OF    SCIENCE.  173 

behind  which  there  is  a  beautiful  cove,  easy  of  entrance,  with  a 
capital  anchorage,  and  perfectly  protected  from  the  sea  in  a  north- 
east wind.  Hatteras  Inlet,  itself,  though  caused  (in  1846)  by  what 
the  inhabitants  considered  at  the  time  a  disastrous  hurricane,  affords 
a  beautiful  harbor  of  refuge  to  the  extensive  coasting  trade  passing 
from  the  South  to  the  North,  and  from  the  North  to  the  South,  in 
the  United  States. 

Now  we  can  only  approximately  estimate  when  this  section  will 
be  done.  The  reconnoissance  was  only  made  in  1843,  and  the  tri-. 
angulation  commenced  in  1845.  But  the  period  of  survey,  from  the 
beginning  to  the  end,  cannot  exceed  twelve  years,  and  three  of 
these  have  passed. 

The  next  section  is  a  very  interesting  one,  comprising  the  coast  of 
South  Carolina  and  Georgia  ;  interesting,  among  other  reasons, 
because  it  has  been  said  that  triangulation  is  there  impossible.  It 
is  a  curious,  but  a  uniform  fact,  that  the  coast  of  the  United  States, 
in  general,  lends  itself  to  this  kind  of  work.  Where  it  is  not  made  up 
of  the  bluffs  which  we  have  in  New  England,  with  the  noble  hills  in 
the  interior,  there  is  generally  a  sandy  island,  or  a  continuous  beach 
of  sand,  or  a  hillock,  or  a  piece  of  morass,  within  which  there  is 
very  deep  water,  forming  an  internal  navigation,  and  across  which 
the  lines  are  readily  run,  affording  an  opportunity  exactly  for  this 
work.  What  could  be  better  than  Albemarle  and  Pamlico  Sound  on 
the  flat  coast  of  North  Carolina?  In  South  Carolina,  the  difficulties 
seem  to  accumulate  ;  the  wide  bays,  separated  from  the  ocean  by  a 
narrow  strip  of  land,  disappear  ;  but,  nevertheless,  from  Bull's  Bay 
to  the  St.  Mary's,  a  scheme  of  triangles  has  been  found  perfectly 
practicable,  and  a  part  of  them  have  actually  been  traced  upon  the 
surface  of  the  ground  itself.  The  base  was  selected  upon  Edisto 
Island,  and  these  triangles  upon  the  map  to  show  the  manner  in  which 
the  work  is  to  advance  in  the  easterly  direction.  The  triangulation 
and  topographyof  Charleston  harbor  are  finished  ;  and  the  astronomi- 
cal determinations  made.  That  being  an  extremely  important  part 
of  the  section,  we  have  made  great  efforts  with  regard  to  it,  and  the 
hydrography  of  the  approaches  has  been  actually  commenced. 

We  have  examined  the  whole  of  this  section  with  care.  We  have 
commenced  upon  an  important  part  of  it,  and  by  no  means  the  easi- 
est part,  and  have  met  with  fewer  obstacles  than  might  be  expected. 
We  have  completed  the  land  part  of  the  survey  of  Charleston  harbor, 
and  I  suppose  that  by  next  season  the  hydrography  will  be  added  to 
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it ;  and  as  soon  as  that  is  finished,  the  map  will  be  put  into  the 
hands  of  the  engraver. 

We  have  not  materials  for  computing  the  date  when  this  section 
will  be  finished,  but  can  give  a  very  fair  estimate  of  it  from  what 
we  know  b}'  the  reconnoissance,  and  limit  the  time  for  the  land  ope- 
rations to  two  or  three  years.  I  have  not  supposed  that  we  could 
undertake  more  than  six  sections  out  of  the  eight  unfinished  on  the 
Atlantic  and  Gulf  of  Mexico.  When  any  one  was  entirely  finished,  I 
could  take  up  a  new  section.  Last  year,  by  the  wise  liberality  of 
Congress,  an  additional  appropriation  was  given  for  the  Florida 
coast,  which  has  enabled  me  to  begin  another  section.  This  is  that 
important  part  of  the  coast  embracing  what  is  called  the  Florida 
Reef  and  Keys,  and  consisting  of  the  dangerous  reef  and  of  the  chain 
of  islands  running  westward  from  Key  Biscayne,  and  ending  in  the 
Tortugas.  The  reconnoissance  of  this  chain  of  islands  has  been 
nearly  completed.  A  preliminary  base  has  been  selected,  and  the 
triangulation  planned,  which  will  be  commenced  in  the  autumn.  In 
the  meantime,  as  Key  West  affords  one  of  the  best  harbors  upon  the 
coast,  and  has  been  admirably  surveyed  by  the  topographical  en- 
gineers, we  have  connected  the  triangulation  for  the  survey  of  the 
coast  with  the  local  survey,  and  shall  add  so  much  hydrography  as  is 
necessary  to  give  the  deep  soundings  and  the  approaches,  with  some 
other  particulars  not  included  in  their  object,  which  was  chiefl}^  for 
defence,  and  thus  avail  ourselves  of  their  labors  to  produce  at  once  a 
map  of  Key  West  and  its  approaches.  Lieut.  Com'g  Rogers  has,  with 
zeal  and  enterprise,  gone  into  this  work,  and  I  hope  from  him  the 
completion  of  the  hydrography  of  Key  West  and  the  reconnoissance 
of  Bahia  Honda.  The  astronomical  observations  required  at  Key 
West  have  been  already  made,  and  as  soon  as  the  autumn  permits, 
the  work  in  this  section  will  be  vigorously  prosecuted. 

The  reconnoissance  of  this  part  of  Ihecoast  which  has  been  made, 
shows  that  it  is  admirably  adapted  to  our  methods,  affording  points 
at  convenient  distances  and  in  suitable  positions. 

In  section  seventh,  the  reconnoissance  has  been  made  from  Mobile 
Bay  towards  the  east,  to  include  Pensacola  Bay,  connecting  the 
work  with  the  base  line  measured  on  Dauphin  Island  in  Alabama. 
This  section  will  exemplify  the  mode  of  working  by  frequent  bases 
and  a  comparatively  small  triangulation.  The  other  work,  however, 
from  its  great  importance,  has  taken  precedence  of  this. 

Section  eight  is  an  interesting  one,  including  as  it  does  the  high- 
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way  between  two  most  important  ports  in  the  Southern  country — 
Mobile  and  New  Orleans.  It  includes  the  coast  of  Alabama,  Mis- 
sissippi, and  part  of  Louisiana.  Here  the  progress  of  the  work  has 
been  very  considerable.  It  was  commenced  in  1845  by  a  reconnois- 
sance,  and  followed  up,  the  next  year,  by  triangulation,  the  meas- 
urement of  a  base  and  the  astronomical  observations  connecting  the 
stations.  Now  we  have  completed  the  triangulation,  from  Mobile 
as  far  as  Lake  Borgne,  east  of  New  Orleans.  Another  year  we 
shall  finish  the  triangulation  to  New  Orleans.  The  topography  has 
kept  pace  with  the  triangulations  ;  and  the  hydrography,  also,  has 
very  nearly  kept  pace  with  them. 

Here  we  have  not  been  any  more  than  in  the  other  sections,  with- 
out our  reward  in  usefulness,  as  the  authorities  of  Mobile  have  testi- 
fied. The  bar  of  Mobile  Bay  is.actually  deepening,  and  vessels  can 
now  carry  twenty-one  feet  of  water  over  it  into  the  bay.  As  a  re- 
sult of  this  discovery,  the  British  steamers  now  come  into  Mobile 
Jiay,  and  have  even  found  more  water  than  we  had  marked,  by  com- 
ing in  at  a  time  when  the  wind  had  heaped  up  the  water  in  the  bay. 

We  are  sure  of  the  practicability  of  extending  our  triangulations 
with  no  great 'difficulty,  in  this  section.  Tlie  islands,  you  perceive, 
lend  themselves  entirely  to  the  work.  We  do  not,  however,  know 
enough  of  the  coast,  beyond  the  Chandeleur  Islands,  to  form  an 
estimate  of  the* time  required  to  complete  this  section. 

Section  ninth,  including  Texas,  has  been  generally  examined 
from  one  end  to  the  other, and  more  particularly  near  Galveston. 
The  primary  triangulations  have  been  commenced  in  the  neighbor- 
hood of  Galveston,  and  the  secondary  triangulation  is  nearly  or 
quite  completed  in  Galveston  and  Anahuac  Bays.  The  topography 
will  be  commenced  in  the  autumn,  and  the  hydrography  will  at  once 
follow  upon  that.  The  astronomical  observations  necessary  have 
been  made. 

What  progress  the  Oregon  and  California  sections  may  show,  we 
can  only  tell  when  the  California  gold  mines  are  a  little  exhausted. 
Two  parties  have  been  sent  to  Oregon  Territory. 

As  the  triangulations  on  the  Atlantic  and  Gulf  coasts  are  extended 
from  their  bases,  they  will  meet,  forming  a  connected  geodetic  work  ; 
and  the  bases  which  now  serve  as  the  groundwork  of  the  operations 
will  serve  as  bases  of  verification  ;  the  work  in  each  section,  mean- 
while, being  adequate  to  furnishing  preliminary  maps  and  charts 
for  the  use  of  navigators. 
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Connected  with  this  work  has  been  a  most  important  exploration 
of  tlie  Gulf  Stream  off  our  coast,  from  Cape  Cod  to  Cape  Hatteras. 
Of  this  I  shall  have  an  opportunity  to  speak  at  another  time  ;  and 
I  fear  I  have  already  detained  the  Association  too  long. 

One  further  point  upon  which  I  would  remark  has  reference  to 
some  improvements  which  have  been  introduced  into  the  work. 
Some  of  these  are  rather  of  a  technical  and  scientific  character,  but 
others  are  more  general. 

A  gentleman,  in  speaking  of  the  change  in  the  prime  meridian, 
said  to  me  yesterday,  "This  will  destroy  all  3'our  coast-survey 
maps."  But  we  took  the  meridian  of  New  York  as  a  temporary 
one  ;  it  was  avowedly  temporar3^  The  meridian  of  Greenwich  is 
also  marked  upon  our  maps.  But  it  is  a  matter  of  very  little  con- 
sequence, indeed,  to  us,  whether  the  meridians  have  to  be  changed 
or  not.  After  the  map  has  been  engraved,  the  next  step  is  to  copy 
it  b}-  the  electrotype  process.  A  plate  in  relief  is  deposited  upon 
the  original,  and  upon  this  plate,  thus  produced,  we  can  make  any 
alterations  we  please.  With  a  common  scraper,  we  can  scrape  out 
these  meridians  ;  electrotj'pe  that  again,  and  we  can  put  in  upon  the 
new  sheet  an}'  new  lines  we  please.  We  do  not  use  the  original 
plates  in  printing  our  maps,  because  they  soon  deteriorate  and  wear 
out,  so  that  very  few  impressions  could  be  taken.  We  use,  in  gen- 
eral, the  electrot3'pe  copies. 

I  came  to  the  meeting  of  the  Association  with  some  uncomforta- 
ble feelings,  that  Lieut.  Davis,  who  has  been  so  long  and  so  use- 
fully associated  with  me  upon  the  work,  was  to  be  removed  from  it, 
even  for  the  purpose  of  taking  charge  of  the  Nautical  Almanac. 
But,  as  if  his  mantle  had  fallen  upon  his  successor,  I  have  learned 
since  I  have  been  here,  that  Lieut.  McBlair,  who  has  taken  charge  of 
his  part}^  has  continued  his  discoveries,  by  finding  in  the  channel 
out  of  which  the  whaling  vessels  of  Nantucket  pass  to  sea,  and 
through  which  all  the  coasters  bound  from  New  England  to  New 
York,  and  many  of  those  which  are  bound  to  and  from  the  Southern 
States,  wend  their  way,  twelve  feet  of  water  just  in  the  channel  where 
the  charts  had  nothing  less  than  thirty  !  Notice  will  at  once  be 
given  to  warn  the  coasters  that  they  must  steer  clear  of  McBlair's 
twelve  feet  shoal,  and  they  now  steer  clear  of  Davis's  new  south  shoal. 

Pres.  Everett.  At  this  late  hour  of  the  evening,  it  is  impossible 
to  enter  into  a  discussion  at  all  commensurate  with  the  importance  of 
this  communication.     The  audience  are  agreed,  I  am  sure,  that  per- 
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haps  no  subject  hasbeen  brought  before  the  meetings  of  the  Associa- 
tion having  more  important  bearings  than  that  now  before  us.  In 
fact,  it  is  intimately  connected  with  the  whole  commercial  marine, 
the  whole  navigation  of  the  United  States  of  America,  now  the 
second,  and  destined  to  be,  perhaps,  in  no  ver^'long  period,  the  first 
commercial  power  upon  the  surface  of  the  globe. 

There  is  one  topic,  however,  to  which  Prof.  Bache,  from  motives 
of  delicac}^  did  not  think  proper  to  allude  ;  and  that  is,  the  opposi- 
tion to  this  great  work,  by  some  men  of  eminence  and  influence, 
partly  on  the  ground  of  its  expense. 

I  remember.  Sir,  when  I  was  abroad  a  few  years  ago,  hearing  a 
somewhat  amusing  anecdote  in  reference  to  the  curiosit}'  of  the 
Chinese  as  to  the  various  arts  and  discoveries  of  Western  Europe 
and  of  the  United  States  of  America.  Among  the  things  of  which 
they  had  heard,  and  of  which  they  desired  to  learn  more,  was  Mr. 
Babbage's  calculating  machine.  This  fact  was  mentioned  to  Mr. 
Babbage  as  a  piece  of  information  of  some  interest,  viz.,  that  the 
attention  of  the  Chinese  had  been  drawn  to  the  calculating  machine 
(as  it  is  commonly  called)  and  it  was  said  that  there  were  few  things 
about  which  the  Chinese  were  more  curious  than  thej' were  to  know 
whether  one  of  Mr.  Babbage's  calculating  machines  could  not  be 
made  so  small  that  it  might  be  carried,  in  the  pocket.  Mr.  Babbage 
good-humoredly  remarked,  upon  hearing  this,  that  he  had  found  it 
a  very  much  "out-of-pocket"  concern,  and  he  was  afraid  that  the 
Chinese  would  find  it  so  too. 

Now,  I  would  not  intimate  that  the  Coast  Survey  is,  by  any  means, 
an  "  out-of-pocket"  concern,  in  any  proper  sense  of  that  phrase  ; 
but  it  must  be  admitted  by  all  that  it  is  necessarily  an  expensive  one. 
Well,  Sir,  Congress  are  very  properly  impatient  of  great  expense, 
and  unwilling  to  grant  outla3'S  of  money,  and  justly  so,  there  is  so 
much  jobbing  constantly  going  on  at  the  seat  of  government,  and  so 
many  chimerical  projects  are  constantly  brought  forward .  Some  of 
the  members  of  Congress,  therefore,  have  looked  upon  this  project 
with  a  considerable  degree  of  jealousy,  and  have  thrown  out  doubts 
as  to  its  utility.  But,  Sir,  it  is  quite  obvious  to  every  one  present, 
that  this  is  after  all,  a  prejudice.  The  Coast  Survey,  as  explained 
to  us  this  evening,  is  assuredly  a  great  national  undertaking,  very 
expensive,  no  doubt,  but  very  useful,  very  important,  and,  indeed, 
I  may  say,  indispensable  to  the  prosperity  and  to  the  character  of 
the  country,  as  a  great  maritime  State. 
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Such  being  the  case,  T  tbink  that  it  is  highly  desirable  that  the 
forceofenlighteiierl  public  opinion  should  be  brought  to  bear  upon 
this  question,  and  that  it  ma}^  become  strongly  favorable  ;  and  for 
that  purpose  I  have  arisen  to  submit  to  you  a  motion  that  the 
communication  of  Professor  Bache  be  referred  to  a  committee  of 
this  body,  to  express  an  opinion  on  the  importance  of  the  work, 
and  to  report  what  course  it  may  be  proper  to  pursue  in  order  to 
further  the  prosecution  of  the  work. 

This  motion  was  agreed  to. 

As  it  was  now  late.  Prof.  Agassiz  having  signified  his  assent, 
the  reception  of  the  communication  from  him  was  postponed  until 
Monday  evening  next. 

Adjourned. 

E.  N.  HORSFORD,  Secretary. 


Fourth  Day^  August  17,  1849. 
GENERAL  SESSION. 

The  Association  met,  pursuant  to  adjournment,  in.  Harvard  Hall, 
at  10  o'clock,  A.  M.  After  the  reading  of  the  minutes  of  the  last 
meeting  of  the  Association  by  the  Secretary,  and  the  proceedings 
of  the  Section  on  Phj-sics  and  Chemistry  b}'  Dr.  B.  A.  Gould,  Jr., 
it  was  moved  and  carried  that  the  reading  of  the  proceedings  of 
the  Section  on  Natural  History  and  Geology  be  dispensed  with. 

The  following  persons,  nominated  by  the  Standing  Committee, 
were  elected  members  of  the  Association  : — Dr.  A.  B.  Cleaveland, 
Prof.  Joseph  Torrey,  John  B.  Felton. 

Resolution  of  Hon.  Edward  Everett,  relative  to  the  United  States 
Coast  Survey,  was  considered.  Referred  to  a  Committee  consisting 
of  Hon.  Edward  Everett,  Prof.  Peirce,  and  Prof.  Caswell,  to 
prepare  a  memorial  to  the  General  Government  on  this  subject. 

The  Standing  Committee  reported  the  assessment  for  this  year 
to  be  81.00. 

Also,  that  invitations  to  the  Association  had  been  received,  to 
hold  its  next  annual  meeting  at  Washington,  Charleston,  and  New 
Haven,  respectively,  and  that  after  deliberation  it  had  decided  to 
accept  the  invitation  of  the  Faculty  and  Corporation  of  Yale  College, 
to  meet  in  New  Haven  on  the  19th  day  of  August,  1850. 
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Also,  the  nomination  of  the  following  list  of  officers  for  the  coining 
year:  —  Prof.  A.  U.  Bache,  President;  Dr.  Alfred  L.  Elwyn, 
Treasurer ;  Mr.  E.  C.  Herrick,  Secretary. 

It  was  suggested  by  Prof.  Peirce  that  the  Secretaryship  of  the 
Society  should  be  a  permanent  station,  as  contributing  to  the  use- 
fulness and  influence  of  the  Association.  Prof.  Rogers  followed 
in  support  of  this  suggestion,  and  brought  that  some  other  changes 
in  the  constitution  might  be  made  with  advantage. 

In  regard  to  this  subject,  the  President  remarked,  that  any  propo- 
sition for  changes  in  the  constitution  of  the  Association  must 
necessarily  lie  over  until  the  ensuing  year. 

Prof.  H.  D.  Rogers,  in  behalf  of  the  Standing  Committee,  offered 
the  following  resolution  : 

Resolved^  That  a  committee  of  five  be  appointed  to  consider 
the  expediency  of  adding  a  by-law  to  the  Constitution,  authorizing 
the  creation  of  a  select  number  of  honorary  members. 

The  motion  was  seconded  by  Prof.  B.  Silliman,  Jr.,  and  unani- 
mously passed. 

The-  following  gentlemen  proposed  by  the  Chair,  for  this  commit- 
tee, were  nnanimously  elected  :  —  Professors  Henry  D.  Rogers, 
Benjamin  Peirce,  Walter  R.  Johnson,  James  Hall,  and  B.  Sil- 
liman, Jr. 

Dr.  C.  T.  Jackson  presented  a  communication  from  a  Committee 
of  the  Academy  of  Sciences  of  France,  addressed  to  himself  as  for- 
mer President  of  the  Association.  The  object  of  the  communication 
was  to  provide  for  the  erection  of  a  bronze  statue  of  the  eminent 
naturalist  of  France,  M.  Etienne  Geoffrey  St.  Hilaire.  Dr. 
Jackson  earnestly  advocated  the  project ;  and  after  debate  the  mat- 
ter was  referred  to  the  Standing  Committee. 

The  programme  of  the  day  having  been  read,  the  Association 
adjourned   to  meet  in  Sections. 

E.  N.  HORSFORD,  Secretary. 


Fourth  Day.,  August  17,  1849. 
SECTION  OF  GENERAL  PHYSICS,  etc.  ' 
The  Section  was  called  to  order  by  Prof.  Bache,  the  chairman 
of  yesterday,   and  upon  his  nomination,  Lieut.   Maury,   of  the 
Washington  Observatory,  was  called  to  the  chair. 
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The  first  paper  was  b}^  B.  A.  Gould,  Jr.,  on  the  second  recorded 
Comet  of  1784. 

The  Clievalier  D'Aiigos,  who  was  Director  of  the  Observatory  of 
the  Knights  of  Malta,  announced  in  the  spring  of  1784  that  he  had 
discovered  a  Comet.  He  communicated  some  observations  to  the 
French  Academy  ;  and  subsequently  sent  a  fuller  series  toHinden- 
burg  and  Bernoulli.  (  Leipziger  Magazin,  1786,  p.  132.)  This 
series  extends  over  a  period  of  twenty-one  da3's — from  April  10  to 
May  1  ;  but  the  comet  was  seen  at  no  other  place.  It  was,  indeed, 
according  to  D' Angos,  veiy  faint.  The  orbit  was  also  communicated 
to  the  Leipziger  Magazin  by  the  discoverer,  who,  although  he  gave 
no  table  of  comparison  between  theephemerisand  the  observations, 
yet  stated  that  the  maximum  of  discordance  was  but  70"  of  arc — a 
tolerable  allowance  for  the  error  of  observation  at  that  time. 

Burckhardt  endeavored  subsequently  to  determine  the  orbit,  but 
found  unexpected  difficulties.  At  last,  in  the  year  1820  {Zacli. 
Corresp.  Astronomique  /F,  p.  4.56),  Encke  published  an  investiga- 
tion of  the  observations,  all  of  which  he  pronounced  to  be  a  scanda- 
lous fabrication.  This  view  was  Immediatelj'  adopted  by  Olbers. 
(Schumacher's  Astr.  Abhandl.  p.  50,  Enc'ke's  Ed.  Olbers's  Abhand- 
lung,  p.  215.) 

Encke's  argument  for  the  impossibility  that  this  comet  could  actu- 
ally have  existed  is  derived  from  a  result  of  his  calculations,  that 
if  the  orbit  satisfy  three  of  the  observations,  the  comet  must,  at  the 
time  of  the  middle  observation,  have  been  nearer  the  earth  than  the 
moon  is. 

Dr.  Gould  alluded  to  the  fact  mentioned  in  the  Theoria  Motus 
(§  142,  p.  158)  that  where  the  transcendental  equation,  from  which 
the  comet's  place  at  the  middle  observation  is  reduced,  has  three 
real  positive  roots  ;  one  corresponds  nearly  to  the  place  of  the  earth. 
The  argument  of  Prof.  Encke  seemed,  therefore,  not  altogether  con- 
vincing, and  he  had  subjected  all  the  observations  to  severe  investi- 
gation, in  the  hope  of  a  result  which  might  restore  the  fair  fame  of 
the  Maltese  observer.  He  gave  the  results  of  his  computations, 
which  showed  conclusively  that  the  observations  could  not  be  ap- 
proximatel3'  represented  by  any  orbit  described  about  our  sun,  in 
obedience  to  the  law  of  gravitation. 

Prof.  Encke  had  most  ingeniously  shown  how  D' Angos  had  pro- 
bably fallen  into  error  in  computing  fictitious  observations  from  an 
empirical  orbit. 
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Dr.  Gould  farther  stated  his  authority  for  the  assertion,  that 
Mr.  D'Angos  was  living  at  the  time  when  the  exposure  of  his  fraud 
was  published  by  Prof.  Encke. 

Prof.  H.  D.  Rogers  submitted  a  communication  on  the  Analogy  of 
the  Ribbon  Structure  of  Glaciers  to  the  Slaty  Cleavage  of  Rocks. 
He  dcscril)ed  the  ice  of  glaciers  to  consist  of  thin  alternate  parallel 
bands  or  plates  of  blue  crystal  ice  and  white  porous  ice,  each  not 
more  than  one-third  or  one-half  of  an  inch  in  thickness.  These  per- 
vade the  whole  mass  of  every  glacier,  and  are  clearl}'  exposed  in  the 
sides  of  the  transverse  Assures.  Near  the  sides  of  the  glacier  they 
are  almostabsolutelyparallel  with  its  mountain  walls,  but  they  sweep 
away  towards  its  medial  line,  and  form,  like  all  the  other  planes 
which  divide  the  glacier,  an  innumerable  seriesof  loop-like  curves. 
This  looped  or  festoon  form  is  obviously  caused  in  part  b}^  the  down- 
ward movement  or  flow  of  the  semi-plastic  ice,  and  in  part  by  the 
influence  of  the  terminal  moraine,  to  induce  the  same  parallelism  to 
itself,  which  the  rocky  sides  of  the  glacier  produce  in  the  ice  near 
them.  The  most  general  fact  noticeable  in  relation  to  these  struc- 
tural planes  is  their  approximate  parallelism  to  the  walls,  the  rocky 
line  and  terminal  moraine  confining  the  whole  mass,  or,  in  other 
words,  to  the  surfaces  of  higher  temperature  which  enclose  the 
glaciers.  An  appeal  was  made  to  sj^ecial  features  in  certain  gla- 
ciers, tending  to  prove  that  however  the  direction  of  these  ribbon 
lines  ma}^  alter  b^^  irregularities  in  the  onward  flow  of  the  glacier, 
their  position  near  the  region  of  the  Nevi,  where  they  originate,  is 
strictly  parallel  with  the  surfaces  of  the  warmer-sides. 

Prof.  Rogers  exhibited  in  the  next  place  the  existence  of  a  kin- 
dred law  in  the  position  of  the  planes  of  slaty  cleavage  which  trav- 
erse nearly  all  argillaceous  and  even  calcareous  strata  that  have 
been  much  altered  by  a  diffused  heating  action.  He  showed  that 
whether  the  formations  have  been  much  disturbed  or  not,  the  cleav- 
age structure  invariably  approximates  to  parallelism  with  those 
great  planes  in  the  crust  which  have  been  the  planes  of  maximum 
temperature.  In  all  the  districts  of  folded  or  plicated  strata'which 
he  has  examined,  including  the  long  southeastern  belt  of  the  Appa- 
lachian chain  in  the  United  States,  and  the  Rhine  country',  and  the 
Alps  in  Europe,  he  has  observed  that  the  cleavage  dip  is  parallel 
to  the  average  dip  of  the  anticlinal  and  synclinal  planes  bisecting 
the  flexures  ;  and  he  showed  that  these,  being  the  parts  of  the  bent 
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strata  most  crushed  and  fissured,  are  the  chief  channels  by  wliich 
highly'  heated  volcanic  products,  as  steam,  gases,  and  molten  rock, 
have  jDassed  out  to  the  surface. 

Every  plicated  belt  of  strata  must,  therefore,  have  consisted,  at 
the  time  it  was  being  folded  and  acted  on  by  the  subterranean 
forces,  of  alternate  hotter  and  colder  planes  dipping  in  parallel 
order,  and  it  is  to  these  thermal  planes  that  we  may  reasonably 
ascribe  the  production  of  the  similarly  parallel  cleavage  induced  in 
the  half-baked  slaty  rocks'. 

He  next  drew  attention  to  the  fact  that  a  perpendicular  slaty  cleav- 
age is  seen  to  have  been  produced  in  horizontal  clay  shale,  by  the 
intrusion  of  a  vertical  dyke  of  melted  trappean  matter,  the  wall  of 
the  dyke  in  this  instance  exposing  to  the  shale  a  plane  of  elevated 
temperature  parallel  with  which  the  slaty  cleavage  was  established. 

He  concluded  by  showing  that  one  law  of  position  of  the  cleav- 
age or  ribbon  structure  connects  all  the  phenomena  here  described, 
namely,  that  in  all  cases  it  originates  in  planes  parallel  to  the  sur- 
faces of  permanently  highest  temperature. 

Prof.  A.  D.  Bache  next  gave  an  account  of  the  mode  of  explora- 
tion of  the  Gulf  Stream  and  of  the  ocean  on  each  side  of  it,  adopted 
by  him  ;  made  a  brief  notice  of  the  labors  of  Lieuts.  Commanding 
Davis,  G.  M.  Bache,  S.  P.  Lee,  and  R.  Bache,  to  whom  the  explor- 
ations had  been  intrusted  in  different  years  ;  alluded  to  the  instru- 
ments employed  for  ascertaining  temperatures  at  different  depths, 
and  gave  a  brief  summary  of  the  facts  developed  regarding  the  cold 
water  inside  of  the  Gulf  Stream,  in  the  stream,  and  beyond  it ; 
described  the  division  of  the  Gulf  Stream  into  two  or  morebranches, 
and  the  probable  cutting  off  of  the  cold  water  inside  at  Cape  Hat- 
teras. 

Lieut.  Maury  followed  with  some  remarks  on  the  curious  fact, 
that,  although  we  were  aware  of  so  many  currents  pouring  into  the 
Atlantic,  so  little  was  known  of  any  outlets. 

Mr.  Sears  C.  Walker,  Assistant  in  the  United  States  Coast 
Survey,  by  instructions  from  the  Superintendent,  communicated 
the  substance  of  his  recent  Report  on  the  Experience  of  the  Coast 
Survey,  in  regard  to  telegraph  operations,  as  follows : — 

The  dut}^  of  communicating  to  the  Association  the  experience  of 
the  United  States  Coast  Survey,  in  regard  to  telegraph  operations, 
has  been  assigned  me  by  the  Superintendent. 
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Tlie  first  mention  of  tlie  electro-magnetic  telegrapli,  in  connec- 
tion with  longitude  operations,  as  far  as  I  know,  was  made,  in 
1837,  by  M.  Arago  to  Dr.  Morse. 

The  first  practical  application  of  the  method  was  b}'  Captain  Wilkes, 
in  1844,  between  Washington  and  Baltimore.  Two  chronometers, 
previously  rated  by  astronomical  observations  in  the  vicinity,  were 
brought  to  the  two  telegraph  offices,  and  were  compared  together 
through  the  medium  of  the  ear,  without  coincidence  of  beats.  This 
process  is  accurate  enough  for  geographical  or  nautical  purposes; 
but  its  precision  stops  short  of  the  mark  where  the  requirements  of 
geodesy  begin.  In  fact,  two  clocks  beating  the  same  kind  of  time, 
when  placed  side  by  side,  cannot  be  compared  together,  by  the 
human  ear,  with  sufficient  precision  for  geodetical  purposes.  The 
subsequent  experience  of  the  Coast  Survey  has  shown,  that  where 
several  astronomers  make  independent  comparisons  of  clocks,  in 
this  manner,  two  seconds  of  arc,  or  twelve-hundredths  of  a  second 
of  time,  is  an  average  discrepancy  between  their  results. 

The  subject  of  telegraph  operations,  for  longitude,  had  engaged 
the  attention  of  the  Superintendentof  the  Coast  Survey,  previous  to 
the  experiment  of  Captain  Wilkes  ;  but  the  orders  received  by  me  for 
this  purpose,  bear  date  of  November  24,  1845.  In  1846,  the  very 
first  season  in  which  two  astronomical  stations  of  the  Survey  were 
brougiit  in  connection  by  the  Morse  telegraph  lines,  the  work  of  con- 
necting them  together,  in  longitude,  was  commenced  in  earnest  by 
the  Superintendent  of  the  Coast  Survey.  Tlie  cooperation  of  the 
National  Observator}-,  as  one  of  the  stations,  was  freely  tendered  by 
its  Superintendent, Lieut.  Matthew  F.Maury,  U.  S.N., and  accepted 
b}'  Prof.  Baclie.  The  detail  of  the  operations  was  left  to  me.  The 
Comptrollers  of  the  Public  Schools  of  Philadelphia  had  tendered  the 
free  use  of  their  High  School  Observatory,  under  the  direction  of 
Prof.  E.  Otis  Kendall.  An  additional  station,  at  Jersey  City,  was 
fitted  up  by  the  Coast  Survey,  with  astronomical  instruments,  under 
tlie  direction  of  Prof.  E.Loomis.  The  three  stations  were  connected 
by  special  junction  lines  (built  at  the  expense  of  the  Survey')  with 
the  main  Morse  line,  from  Washington  to  Jersey  City,  under  the 
Presidency  of  the  Hon.  Amos  Kendall.  Three  full  sets  of  telegraph 
keys  and  receiving  magnets  were  made  for  the  purpose,  at  the 
machine  shop  of  the  Coast  Survey  Office,  under  Mr.  Saxton's  direc- 
tions, and  three  Morse  registers  were  purchased  for  the  occasion, 
from  Mr.  Clark,  an  instrument-maker  in  Philadelphia. 
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Owing  to  the  imperfect  insulation  of  the  lines,  the  connection  of 
Jersey  City  with  Washington  failed  that  year  ;  but  the  Washington 
and  Philadelphia  stations  were  connected  together  astronomically 
on  the  10th  and  22d  of  October. 

The  method  of  comparison,  by  coincidence  of  beats  of  solar  and 
sidereal  timekeepers,  was  not  introduced  this  year ;  but  the  equiv- 
alent one  was  employed,  namel}^,  the  exchange  of  star  signals. 
These  are  the  dates  of  instants  of  the  passage  of  a  star  over  the 
wires  of  the  eye-piece  of  the  transit  instrument,  signalized  by  tap- 
ping on  the  telegraph  key  at  one  station,  and  recording  it  on  the 
Morse  register  at  both. 

Since  this  operation  of  making  the  time  of  a  star's  transit  legible, 
on  any  number  of  registers,  at  any  number  of  stations,  is  likely  to 
come  into  general  use,  in  geodesy,  geography,  and  hydrography,  so 
long  as  there  remains  on  the  earth's  surface  any  two  important 
points,  whose  relative  longitude  is  unknown,  the  origin  of  the 
method  must  be  a  subject  of  historical  interest. 

The  idea  of  substituting  for  clock  signals,  which  have  no  imme- 
diate relation  to  longitudes,  those  of  the  times  of  a  star's  transits, 
which  have  such  a  relation,  occurred  in  the  winter  of  1845  and  1846, 
in  a  consultation  between  the  Superintendent  and  myself.  Which 
made  the  first  suggestion,  I  cannot  now  say,  nor  is  it  a  matter  of 
much  importance  to  either  of  us  pei'sonally .  As  respects  the  serv- 
ice in  which  we  are  engaged,  the  origin  is  a  matter  of  importance. 
It  is  a  subject  of  just  pride  to  those  engaged  in  it,  that  the  first  con- 
ception of  the  method,  and  the  first  practical  operation  with  it,  are 
peculiarl}'  its  own.  The  blank  form.  No.  2,  of  telegraph  operations, 
drawn  up  by  me  in  the  spring  of  184G,  and  lithographed  for  use  at 
the  three  stations,  is  iieaded  "  Coast  Survey,"  and  is  described  in 
my  lithographed  "Circular  to  the  Telegraph  Operators."  It  is 
dated  "Coast  Survey  Office,  September  25,  1846."  In  pursuance  of 
this  programme,  on  the  10th  of  October,  the  transit  of  the  star  2838 
Bailey,  over  the  seven  wires  of  the  west  transit  instrument  of  the 
Wasliington  Observatory,  was  signalized  by  Lieut.  Almy,  U.  S.  N., 
the  ofilcer  having  charge  of  that  instrument.  This  transit  was  noted 
on  the  Washington  clock,  by  Lieut.  Almy,  and  also  by  myself, 
comparing  together,  by  the  ear,  the  seven  key  beats,  with  the  clock 
beats.  The  same  key  beats  were  also  noted  by  Prof.  Kendall,  at 
Philadelphia.  This  was  the  first  practical  application  of  the  method 
of  star  signals,  which  is  sooner  or  later  to  perfect  the  geography 
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of  the  globe.     The  signals  were  made  visible  on  the  running  fillet  of 
paper.     The  fillet  was  not  then  furnished  with  a  visible  graduation. 

The  j^ct'sonal  graduated  clock  register,  and  the  personcd  register  of 
the  star  signal,  were  both  made  in  an  evanescent  form  on  the  audi- 
tory nerve  of  the  ear.  Two  years  later  (1848)  the  visible  was  sub- 
stituted for  the  auditor?/ register,  in  the  month  of  July.  In  the  month 
of  November,  the  automatic  visible  register  took  the  place  of  the  pe?*- 
sonal  visible  register,  and  constituted  the  last  step  in  the  improve- 
ment of  the  art  of  telegraph  operations  for  longitude. 

Whether  we  use  the  pej'sonaZ  auditory, personal  visible,  or  theaw- 
tomatic  visible  register,  the  theory  of  the  resulting  longitudes  is  the 
same.  They  differ  onlj^  in  the  superior  facility,  precision,  and  per- 
manenc}^  of  the  latter. 

This  analj'tical  theory,  from  beginning  to  end,  belongs  to  the 
Coast  Survey  Service.  My  letter  to  the  Superintendent,  on  file  in 
the  Coast  Survey  Office,  dated  October  3,  1846,  contains  the  ana- 
lytical theory  of  longitudes  by  star  signals,  whether  recorded  on  a 
personcd  auditory  register,  as  in  1846,  a  personal  visible  register,  as 
in  1848,  or  an  automatic  visible  register,  as  in  1849. 

I  deem  it,  therefore,  but  a  duty  to  the  service  in  which  I  am  en- 
gaged, to  declare,  in  the  presence  of  the  members  of  the  Associa- 
tion, that,  with  the  single  exception  of  the  experiment  between  Bal- 
timore and  Washington,  by  Captain  Wilkes,  in  1844,  I  know  of  no 
telegraph  operations  for  longitude,  and  of  no  step  in  the  improve- 
ment, or  perfectionment  of  the  art  in  Europe  or  America,  which  have 
not  been  the  work  of  the  oflScers  proper  of  the  Coast  Survey,  or  of 
commissioned  officers  and  civilians  acting  temporarily  as  assistants. 

After  this  digression,  I  resume  the  recital  of  our  experience  in  the 
Coast  Survey. 

In  1846,  we  connected  together,  in  longitude,  the  Washington  and 
Philadelphia  stations.  In  1847,  the  programme  left  unfinished  in 
1846,  by  the  imperfection  of  the  lines,  was  resumed  and  compieted, 
and  Washington,  Philadelphia,  and  Jersey  City,  were  connected 
together.  On  the  27th  of  July,  1847,  the  method  of  coincidence  of 
beats,  used  so  successfully  by  R.  T.  Paine,  Esq.,  in  the  chronometric 
operations  for  longitude  in  Massachusetts,  and  by  Struve  and  Airy 
in  their  chronometric  enterprises,  was  applied  to  the  telegraphic  com- 
parisonsof  the  Philadelphia  and  Jersey  City  clocks.  This  method  of 
coincidences  was  used  in  combination  with  exchanges  of  star  signals 
in  the  telegraphic  operations  of  the  Coast  Survey,  in  1848,  when  the 
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Cambridge  Observatory,  under  Prof.  Bond  and  the  Stuyvesant  sta- 
tion in  tLie  garden  of  Dr.  Rutherford,  New  York,  under  the  direction 
of  Prof.  Loomis,  were  connected  together  by  the  Coast  Survej'. 
The  lines  of  junction  with  the  main  line,  under  the  presidency  of 
the  Hon.  Francis  O.  J.  Smith,  the  telegraph  apparatus,  and  the  as- 
tronomical instruments  of  the  Stuyvesant  station,  were  furnished  at 
the  expense  of  the  Survey'.  During  these  operations,  in  Jul}-  and 
August,  Prof.  Bond  proposed  to  substitute  the  automatic  instead  of 
the  personal  seconds  circuit  breaker,  and  submitted  to  me  a  sketch 
of  his  plan  for  effecting  the  make  and  break  circuit  by  the  escape- 
ment beat.  On  ray  special  recommendation,  b}^  report  to  the  Su- 
perintendent, dated  August  11,  1848,  an  order  was  given  to  Mr. 
Bond  for  the  completion  of  a  circuit  breaker  clock  on  his  plan. 

The  automatic  clock  circuit  breaker,  named  by  Dr.  Page,  of  Wash- 
ington cit}',  an  electrotome  clock,  is  not  an  American  invention.  It 
was  used  more  than  ten  years  ago,  by  Messrs.  Wheatstone,  Bain, 
and  Steinheil,  in  Europe.  It  is  due  also  to  Prof.  Bache,  Mr.  Sax- 
ton  and  Dr.  Morse,  to  say  that  each  of  them  suggested  the  use  of 
clock electrotomes  in  1846,  with  particulardescriptionsof  the  methods. 
I  was  deterred  from  using  them  in  connection  with  the  observing 
astronomical  clocks  at  the  time,  from  apprehension  of  disturbance 
of  their  rales. 

This  apprehension  was  in  reality  groundless,  and  I  would  here 
make  the  remark  that  all  the  methods  then  and  since  proposed  or 
tried,  t'or  clock  electrotomes,  and  all  the  various  methods  of  registering 
are  precise  enough  for  the  purposes  of  geodesy.  Hence,  in  giving 
preference  to  one  over  another,  we  should  onl}'  be  guided  by  con- 
siderations of  facility  and  economy  of  outfit,  and  of  facility  of 
making,  reading,  and  preserving  the  printed  registers. 

After  concluding  the  work  between  Cambridge  and  New  York, 
in  1848,  the  month  of  October  was  employed  by  the  Coast  Survey 
in  connecting  Philadelphia  and  Cincinnati,  by  means  of  the  O'Rielly 
Morse  lines.  The  Philadelphia  junction  line  was  made  by  the  Coast 
Survc}'.  The  Cincinnati  junction  line  of  half  a  mile  in  length  was 
erected  by  Henry  O'Rielly,  Esq.,  and  presented  to  the  Cincinnati 
Observatory,  as  his  subscription  towards  that  establishment.  The 
transit  and  telegraph  instruments  for  Cincinnati  were  supplied  by 
the  Coast  Survey  for  Prof.  Mitchel. 

The  labors  of  the  year  1848  comprise  some  1800  observed  tran- 
sits of  stars,  800  comparisons  of  chronometers,  by  coincidences  of 
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beats  taken  at  the  stations,  5000  transits  over  wires,  for  determining 
the  personal  equations  of  the  officers  of  the  Survey,  many  tliousand 
exchanges  of  personal  clock  signals,  and  600  of  star  transit  signals. 

If  even  this  prodigious  accumulation  of  statistics  was  considered 
a  gain  of  many  fold  over  the  old  method  of  obtaining  astronomical 
longitudes,  what  shall  we  say  of  the  automatic  process  employed  in 
1849,  where  one  night's  exchange  of  star-signals  between  Philadel- 
phia and  the  Seaton  Station,  printed  automatically  on  the  single 
sheet  of  paper  now  before  you,  is  worth  the  whole  list  of  statistics 
collected  by  the  Coast  Survey  between  Philadelphia  and  Washing- 
ton, in  1847? 

The  subject  of  the  invention  of  the  automatic  clock  register  is 
explained  in  full  in  my  Report  to  the  Superintendent  of  the  Coast 
Survey,  of  December  15,  1848,  which,  with  his  letter  communi- 
cating it  to  the  Treasur}^  Department,  and  that  of  the  Hon.  Robert 
J.  Walker,  communicating  both  to  Congress,  have  since  been  ex- 
tensively circulated  by  the  press. 

I  will  not  here  allude  to  the  respective  claims  of  Americans  for 
priority  or  superior  excellence  of  inventions  and  suggestions,  be- 
lieving that  it  will  be  becoming  for  all  of  us,  to  look  to  the  great 
work  that  has  been  accomplished,  by  our  united  eftbrts,  rather  than 
to  the  single  share  of  each. 

Feeling  the  responsibility  under  which  I  was  acting,  I  spoke  with 
caution  on  the  subject  of  the  comparative  excellence  of  the  automatic 
printing  method  ;  though  some  of  mj^  friends  thought  that  its  merits 
were  overrated .  I  appealed  to  the  experiments  that  were  to  be  made 
in  the  campaigns  of  1849  for  a  test  of  the  new  method.  That  which 
was  tlien  anticipation  onl}-,  is  now  reality  ;  and  I  am  able  to  say, 
from  recent  trials,  between  Cambridge  and  Washington  in  January 
last,  and  between  the  Seaton  station  under  m}'  care  at  Washington, 
and  the  stations  at  Philadelphia  under  Prof.  Kendall,  and  Hudson, 
Ohio,  under  Prof.  Loomis,  in  July  and  the  current  month,  that  the 
excellence  of  the  new  method  surpasses  all  that  I  ventured  to  hope 
for  in  December  last.  I  then  ventured  to  claim  for  the  automatic 
printing  method  a  ten-fold  gain  over  the  old  one.  I  now  find  that 
one  transit  over  one  wire  is  worth  four  wires  by  the  old  method, 
and  that  ten  transits  over  wires  may  now  be  printed,  where  one 
was  done  before  ;  making  a  gain  by  the  new  or  automatic  method 
of  some  forty-fold.  I  mean  by  this  the  gain  from  multiplication 
of  transits  over  wires,  and  superior  precision  of  each.  We  cannot 
14 
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in  one  night  obtain  the  advantage  of  the  average  of  the  meteorolog- 
ical peculiarities  of  forty. 

The  various  clock  electrotomes  ma}^  be  thus  classified  : — 


Author. 

Date  or' invention 
ov  suggestion. 

Descriptiou  of  method. 

Wheatstoue  .     .     . 

1840. 

Circular  disc  on  arbor  of  seconds- 
wheel. 

Bain 

(< 

Sliding  rod  moved  by  pendulum. 

Steinheil   .     .     .     . 

Not  known. 

Saxtoii       .     .     .     . 

At  launch  of 

Platinum  tilt  hammer  moved  by  pen- 
dulum. 

Frigate  Eaiitau. 

Saxton      .     .     .     . 

In  1846. 

Globule  of  quicksilver  struck  by  pen- 
dulum. 

Johnson  &  Speed    . 

In  1847. 

Platinum  tilt  hammer  struck  by  teeth 
of  the  minute-wheel. 

Bond 

In  1848. 

Escapement  electrotome. 

Mitchel     .     .     .     . 

(t 

Quicksilver  struck  by  pendulum. 

Locke  

IC 

Platinum  tilt  hammer  struck  by  teeth 
of  seconds- wheel. 

I  have  already  remarked  that  I  believe  that  all  these  electrotomes 
will  succeed  in  practice,  without  injur3'  to  the  rate  of  the  clock.  In 
making  our  selection  we  must  look  to  facility  and  cheapness  of  con- 
struction, and  to  uniformity  of  graduation  of  the  time  scale.  In  the 
present  state  of  my  experience  on  this  subject,  I  prefer  the  form  now 
in  use  at  the  Seaton  station,  recently  applied  by  Mr.  Saxton  to  the 
Hardy  dead-beat  clock  of  the  United  States  Coast  Survey,  imported 
by  its  late  Superintendent,  Mr.  Hassler,  and  by  him  described  in  the 
Transactions  of  the  American  Philosophical  Society.  The  electro- 
tome,  is  on  the  model  used  by  Mr.  Saxton  several  years  ago,  at  the 
time  of  the  launch  of  the  frigate  Raritan,  at  Philadelphia.  The  per- 
fect gravity  escapement  (resembling,  I  believe,  that  which  was 
recently  invented  by  Dr.  Locke)  has  been  substituted  b}'  Mr.  Sax- 
ton for  Hardy's  springs.  Two  pounds  have  been  added  to  the 
weight  of  the  clock  to  prevent  danger  of  stopping  by  increased 
friction.  In  this  condition  Mr.  Saxton  expresses  the  opinion  that 
the  clock  of  the  Seaton  station  is  the  best  clock  extant.  It  has  broken 
the  circuit  for  forty  da^'s  without  interruption,  and  has  in  no  instance 
deviated  in  an  appreciable  amount  from  its  losing  rate  of  one-tenth 
of  a  second  per  day.  For  a  more  full  understanding  of  it,  I  refer 
you  to  the  accompanying  description  and  drawings  by  Mr.  Saxton. 

I  have  spoken  of  the  automatic  circuit  breaking  clocks  ;  it  remains 
to  notice  the  automatic  registers.  The  lirst  in  order  is  the  registering 
fillet  of  Dr.  Morse,  described  in  ni}^  report  of  December  last.  This 
has  no  maintaining  power.    It  may  be  made  to  run  with  one  winding 
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for  fifteen  minutes  ;  but  gives  uncertain  records  during  tlie  time  of 
winding. 

In  reading  off  the  dates  of  the  signal  electrotomes  on  the  clock 
electrotoine  scale,  a  small  strip  of  paper  or  of  horn  is  used,  which 
in  ten  inches  diverges  from  a  point  to  the  extent  of  a  second  on  the 
register.  This  is  placed  on  the  fillet  of  paper,  so  that  its  width  equals 
the  distance  of  the  clock  and  signal  electrotomes.  The  tenths  of 
seconds  are  read  oflT  at  sight,  and  hundredths  are  set  down  by  estima- 
tion. A  cori'ection  for  rate  of  the  actual  time  scale  on  that  of  the 
normal  or  measuring  scale  might  be  applied  if  we  wished  ;  but  on 
experience  of  a  month  at  the  station,  we  find  that  the  neglect  of  it 
brings  an  error  not  greater  than  that  of  the  conjecture,  relative  to 
the  hundredth  of  the  second,  so  that  in  practice  we  may  dispense 
with  the  correction  altogether. 

The  next  method  is  the  chemical  method  of  registering  with  the 
main  circuit.  I  have  made  full  experiments  with  it,  and  think  that 
the  advantage  of  avoiding  the  errors  of  the  relay  and  primary'  arma- 
ture time,  are  more  than  counterbalanced  by  the  difficulty  and 
irregularity  of  the  action  of  the  current,  the  indistinctness  of  the 
edges  of  the  scale  pauses  after  the  paper  is  dry,  and  the  irregularity 
of  hygrometric  expansion  of  the  paper. 

In  the  experiment  of  measuring  the  velocity  of  the  hydro-galvanic 
current,  the  method  will  be  useful,  as  it  removes  all  questions  rela- 
tive to  armature  time,  though  perhaps  it  substitutes  a  longer  delay, 
which  I  ma}^  call  chemical  action  time. 

On  the  subject  of  the  velocity  of  the  hydro-galvanic  current,  I 
would  remark  that  the  experiment  of  January  23d,  between  Cam- 
bridge, Philadelphia,  and  Washington,  indicated  a  velocity  about 
one-tenth  of  that  of  light.  This  value,  though  probable,  is  by  no 
means  certain,  and  I  would  wish  to  speak  with  caution  till  more 
experiments  are  made. 

The  third  form  is  the  register  on  a  disc  with  concentric  circles,  as 
described  by  Prof.  O.  M.  Mitchel,  in  his  letters  to  the  Superintendent. 

Prof.  Mitchel's  experience  of  the  despatch  and  precision  of  the 
work  confirms  ray  own.  I  have  no  doubt  that  his  method  of  regis- 
tering is  excellent ;  perhaps  not  inferior  in  compactness,  precision, 
and  facility  of  reading  off,  to  the  Saxton  sheets.  I  should  wish  for 
the  opportunity  of  personal  inspection  before  giving  an  opinion 
conclusively  on  the  subject. 

The  fourth  form  of  the  register  is  Mr.  Saxton's  invention  of  this 
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year.  I  submit  his  drawings  of  the  machine.  It  is  somewhat  on  the 
plan  of  his  celebrated  ruling  machine.  The  cylinder  now  before  the 
Association  contains  the  culmination  of  the  planet  Neptune  and  the 
stars  near  his  parallel,  printed  by  me  at  the  Seaton  station,  Aug.  11 , 
1849.  It  might  seem  that  the  subject  of  the  place  of  the  planet  Nep- 
tune is  foreign  to  the  purpose  of  telegraph  operations.  Such  is  not 
the  case  ;  for  we  have  used  this  planet  as  a  fundamental  star.  I  take 
occasion,  therefore,  to  remark  that  the  observations  of  the  culmina- 
tion of  Neptune  on  four  nights  in  the  month  of  August  at  the  Seaton 
station,  by  Pourtales  and  myself,  show  that  my  Ephemeris,  published 
by  Prof.  Henry  in  the  Smithsonian  Contributions  to  Science,  agrees 
with  the  heavens  within  half  a  second  of  arc.  From  this  close  agree- 
ment it  may  be  inferred  that  if  the  Neptune  of  Prof.  Peirce's  theory 
and  my  elements  were  conceived  to  be  a  planet,  placed  side  by  side  in 
the  heavens  with  the  true  one  ever  since  its  discovery,  the  two  would 
form  a  double  star  of  an  order  so  close  that  not  even  the  great  Cam- 
bridge refractor  could  detect  their  duplicity. 

An  objection  has  been  urged  to  the  Morse  registering  fillet,  that  it  is 
too  voluminous  for  the  quantity  of  matter  recorded.  This  objection 
and  that  of  expensiveness,  occur  with  more  force  to  the  metallic 
cylinder,  however  accurate  be  its  indications.  To  remedy  this  evil, 
Mr.  Saxtonhascontrivedasheetof  paper  which  encloses  the  cylinder 
and  lasts  for  about  two  hours  of  constant  work.  Thesheets  and  regis- 
tering fillets  now  submitted  for  the  inspection  of  the  Association 
contain  the  comparison  of  the  printed  record  of  the  culmination  of 
the  stars  in  the  Dolphin.  The  Saxon  sheet,  the  chemical  fillet,  and 
the  Morse  fillet,  are  triplicate  records  of  the  same  identical  star  sig- 
nals. The  result  of  tlie  reading,  as  far  as  experiments  have  been 
made,  is  that  all  kinds  of  registers  at  the  same  place  read  alike. 
It  is  worthy  of  remark,  that  these  registers  contain  the  printed  record 
of  the  transits  of  both  components  of  the  double  star  Gamma  Del- 
phini,  printed  with  ease  on  each  of  the  forty-five  wires  of  the 
Wurdeman's  diaphragm,  making  ninety  imprints  in  a  culmination. 

From  my  experience  in  printing  the  transit  of  this  pair  of  double 
stars,  1  am  led  to  the  conclusion,  that  four  stars  forming  a  quadru- 
ple star,  when  at  proper  distance,  ma}'  all  be  printed  at  the  time  of 
their  transit  over  a  diaphragm  of  fifty  wires,  making  two  hundred 
inn)rints  for  one  transit,  a  rapidity  of  i)laying  on  the  key  far  below 
that  of  good  execution  on  the  piano. 

The  other  sheet  before  you  contains  the  longitude  between  the  Sea- 
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ton  Station  and  Philadelphia.  It  was  registered  at  Washington. 
Tlie  Morse  fillet  on  the  reel  no^  before  you  is  the  duplicate  Phila- 
delphia register. 

The  work  was  performed  last  Monday  night.  You  will  notice  a 
curious  occurrence  on  several  occasions  that  night.  Three  distinct 
telegraph  operations  were  going  on  at  once.  The  Seaton  station 
clock  was  graduating  the  time  scale  for  both  stations.  Two  stars 
differing  in  right  ascension  by  about  the  longitude  of  the  places, 
were  in  the  two  telescopes  at  the  same  time,  and  the  imprints  of  the 
transits  are  interspersed,  without  confusion  on  the  register.  Since 
one  wire  at  each  station  gives  the  longitude  of  the  places,  we  can 
find  cases  where  the  work  of  a  single  second  has  effected  this  pur- 
pose better  than  a  year's  work  could  do  without  the  telegraph. 

The  diaphragms  of  nine  and  eleven  tallies  (45  and  55  wires),  made 
by  Mr.  Wurdeman,  formerly  the  mechanician  of  the  Coast  Survey, 
are  so  nearly  perfect  in  their  structure  that  the  probable  error  of 
his  locating  of  any  single  wire,  in  reference  to  a  normal  location 
with  equal  intervals,  is  only  four  hundredths  of  a  second  of  time.' 
This  precision  is  a  matter  of  great  importance  in  tlie  use  of  a  dia- 
phragm of  so  many  lines,  whose  equatorial  interval,  unless  in  the 
case  of  known  symmetr}^  would  need  a  special  determination. 

Of  all  the  different  kinds  of  registers  here  alluded  to,  I  prefer  the 
sheet  of  Mr.  Saxton.  One  sheet  filled  on  both  sides,  or  two  pages, 
will  contain  an  ordinary  night's  work.  A  year's  work  will  make  a 
book  of  some  three  hundred  pages,  on  the  margin  of  which  maybe 
entered  the  ordinar}'  remarks  for  an  observing  book,  relative  to  the 
state  of  the  level  and  meteorological  instruments,  names  of  stars 
observed,  and  instrumental  deviations. 

If  folded  up,  or  bound  and  put  away  for  a  centurj',  the  reduction 
of  the  work  will  then  be  as  easy  as  at  first. 

In  fact,  we  maj^  with  the  metallic  cylinder,  electrotype  the  plate  ; 
or,  using  copper,  we  may  print  from  it  without.  And,  in  the  case  of 
the  paper  sheet,  instead  of  Saxton's  graver,  with  Indian  ink,  we  may 
employ  a  pen,  with  lithographic  ink,  and  multiply  copies  at  pleasure, 
whenever  we  choose.  When  we  consider  the  compactness  of  the 
register  on  Saxton's  sheet,  we  may  perhaps  find  that  the  publication 
of  transit  observations  will  best  be  made  b3'the  lithographic  process, 
applied  to  the  printed  telegraph  sheets  ;  thus  giving  to  the  world  the 
printed  record  with  all  the  accuracy  of  a  daguerreotj'pe.  The  regis- 
tering fillet  now  exhibited  to  the  Association  contains  the  culmina- 
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tion  of  both  limbs  of  the  moon,  printed  b}^  myself,  on  the  3d  of 
August  last,  on  35  wires  of  the  diaphragm.  By  the  mean  of  the 
results,  the  probable  error  of  the  imprint  of  a  transit  of  single  limb, 
over  a  single  wire,  is  the  sixteenth  of  a  second  ;  whereas,  in  1846, 
with  the  great  Washington  Equatorial,  and  a  power  of  300, 1  found 
that,  with  the  old  method,  m}'  probable  error,  by  66  trials,  was 
twice  as  great,  namely,  the  eighth  of  a  second.  Thus  it  appears 
that  the  measure  of  precision  is  twice,  and  the  weight  four  times,  as 
great,  in  the  new  method,  as  in  the  old. 

No  labor  of  training  for  the  work  is  needed.  Master  Langton,  the 
3'oungest  assistant  at  the  Seaton  station,  printed  the  transits  of  four 
stars,  on  the  18th  of  July,  for  his  first  trial.  The  fourth  transit  is 
on  the  register  now  before  you.  On  reading  off  Master  Langton's 
imprints,  we  find  them  as  accurate  as  any  of  our  work,  and  far 
more  so  than  that  of  the  most  experienced  observer  by  the  old 
method. 

A  hundred  wires  is  a  high  estimate  for  a  night's  work  of  an  ob- 
servatory, by  tlieold  method.  I  have  pi'inted  fifteen  hundred  wires, 
without  fatigue,  in  one  night,  by  the  new.  Since  each  wire  is  worth 
four  of  those  of  the  old  method,  we  have  six  thousand  to  one  liun- 
dred,  or  sixty  to  one,  as  the  relative  efficiencies  of  the  night's  ob- 
servations. 

When  we  reflect  that  the  probable  error  of  one  transit,  over  one 
wire,  is  only  the  sixteenth  of  a  second,  and  that  with  five  wires  it  is 
only  a  thirty-sixth  part,  or  three  hundredths  of  a  second,  it  is  man- 
ifest that  one  tall}',  or  five  wires,  is  ample  for  all  ordinary  work. 
In  fact,  one  wire  is  sufficient  for  most  of  the  purposes  of  astrono- 
my. I  have  been  led,  on  consideration  of  all  the  facts  known  from 
the  experience  of  the  Coast  Survey,  at  the  Seaton  station,  to  make 
the  following  remark  relative  to  the  precision  of  our  work,  after 
proper  adjustment  of  the  transit  instrument,  or  measurement  of 
its  deviations  from  a  normal  state  : — The  printed  transit  of  a  fun- 
damental star  over  any  one  wire  of  Wiirdeman's  dia2}hragm,  and 
that  of  a  star,  planet,  or  comet,  whose  place  is  sought,  over  another 
wire — hotJi  reduced  to  the  centre,  on  the  supposition  of  uniformity 
of  interval — give  the  place  of  the  object  sought,  loith  a  j)reci.s/on 
not  much  beloiv  that  on  zvhich  rest  the  present  elements  of  all  the 
bodies  in  the  solar  system. 

Adjourned. 

B.  A.  GOULD,  Jr.,  Secretary. 
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Fourth  Day,  August  17,  1848. 
SECTION  OF  NATURAL  HISTORY,  GEOLOGY,  etc 
Prof.  Hall  was  appointed  to  the  chair. 


New  Species  of  Fossil  Myliobates,  from  the  Eocene  of  South 
Carolina,  and  New  Fossils  from  the  Cretaceous,  Eocene, 
AND  Pliocene  of  South  Carolina,  Alabama,  and  Mississippi. 
Bt  Dr.  R.  W.  Gibbes. 

Dr.  Gibbes  described  two  species  of  Myliobates,  which  differ  from 
previously  described  species — one  he  dedicates  to  its  discoverer,  Mr. 
F.  S.  Holmes,  of  Charleston,  and  calls  it  Myliobates  Holmesii;  the 
other  he  calls,  from  the  position  of  its  plates,  3fyUobates  trails- 
versalis. 

He  then  drew  the  attention  of  the  Association  to  several  new 
fossils  from  the  cretaceous  and  tertiary^  which  had  not  been  previ- 
ously noticed  ;  among  which  are  : 

Cretaceous  of  Alabama. 

Teeth  of  Ptychodus  2>olygyrus,  Agassiz. 

Eocene  of  South  Carolina  and  Mississippi. 

A  tooth  of  a  large  Cetacean,  probably  Physeter. 

Cetotolites  of  a  huge  Cetacean. 

Otolite  of  Basilosaurus  cetoides,  Owen. 

Teeth  of  Crocodilus — (undescribed). 

Tooth  of  Equics  resembling  E.  plicidens,  Owen. 

Tooth  of  Equus  curvidens,  Owen. 

Jaw  of  Ccelorynchus. 

Rib  and  vertebrae  of  Manatus. 

Bones  of  Birds. 

A  specimen  of  a  true  Carcharias,  and  one  of  Carcharodon  lep- 
todon  {Agassiz),  not  previously  noticed  in  the  United  States. 
Teeth  of  Basilosaurus  cetoides,  from  Jackson,  Miss. 
Cast  of  a  Cancer,  from  Jackson,  Miss. 
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Pliocene  of  South  Carolina. 
A  tooth  of  Physeter. 
Vertebrae  and  ribs  of  large  Cetacea. 
Tooth  of  Equus  americanus,  Leidy. 
Tooth  of  Sphenosaums  clavirostris^  Agassiz. 
Aphophyseal  bones  of  Platax,  Agassiz. 

Dr.  GiBBES,  in  presenting  the  individual  specimens,  gave  a  short 
notice  of  their  position  geologically,  and  observed  that,  as  a  special 
description  of  them  would  be  given  in  the  journals,  he  would  not 
detain  the  members  which  more  particular  details. 

Prof.  Agassiz  expressed  his  great  interest  in  the  fossils  exhibited, 
and  especially  of  the  Cetacea,  not  before  observed  ;  and  alluded  par- 
ticularly to  the  discovery  of  Birds'  bones,  in  the  Tertiarj',  as  worthy 
of  special  attention. 

In  relation  to  the  bones  of  Platax,  he  observed  that  it  was  quite 
interesting  to  find  in  a  fossil  state,  on  the  slope  of  the  Atlantic,  the 
bones  of  genera  of  fishes  extensively  distributed  in  the  present 
Atlantic  Ocean.  It  was  an  evidence  more  that  the}' did  not  all  die 
out  in  the  olderdeposits,  but  continued  through  a  succession  of  epochs. 


On  Fiord's  Evidence  of  a  Change  of  Level.    By  J.  D.  Dana. 

[Not  received.] 


On  the  Habits  of  Amphiumaina  State  of  Captivity.     By  Dr. 
J.  L.  LeConte. 

Dr.  Le  Conte  gave  a  short  account  of  the  habits  of  a  specimen  of 
Auiphiuma,  which  liad  been  kept  alive  for  eig'.it years,  by  Mr.  Zim- 
merman. It  did  not  appear  to  make  use  of  its  branchial  organs  in 
respiration,  as  it  frequently  emitted  bubbles  of  air  from  its  nostrils, 
and  rose  to  the  surface  of  the  water,  for  a  fresh  supply.  It  was  kept 
in  a  shallow  basin  of  water,  and  often,  when  the  water  was  rendered 
impure  b}' the  exudations  from  its  bod3\  the  animal  came  out  upon 
the  floor,  where  it  would  remain  for  several  hours,  or  until  the  water 
was  changed.  It  was  fed  with  earth  worms  and  small  shreds  of  raw 
meat.  It  was  very  voracious,  snapping  its  jaws  together  with  great 
violence  ;  but  the  food  was  never  seized  except  under  the  water. 
Dr.  Le  Conte  suggested  that  the  branchial  openings  would  be  of 
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great  service  in  letting  out  tlie  water,  whicli  was  taken  in  the  mouth 
with  the  food. 

In  this  animal  the  branchial  apparatus  was  reduced  to  a  most  ru- 
dimentary condition,  and  he  thought  that  its  object  was  not  func- 
tional, as  it  was  entirely  too  insignificant  in  development  to  be  of 
any  service  in  respiration.  We  must  therefore  look  beyond  mere 
material  teleology  for  its  explanation.  It  w^as  intended  to  illustrate 
the  connection  between  the  fishes  and  reptiles,  as  parts  of  the  same 
great  series,  and  to  show  simply  that  both  were  constructed  on  the 
same  typical  plan.  Continually,  in  the  animal  kingdom,  structures 
are  retained  which  are  of  functional  use  only  in  inferior  animals,  or 
in  the  younger  states  of  the  same  individual. 


On  Some  Curious  Habits  of  a  Species  of  Asilus.     By  Dr.  J. 

L.  LeConte. 
Dr.  Le  Conte  then  noticed  the  habits  of  Asilus  vertebratus.  Say., 
in  seizingitsprey.  This  dipterous  insectinhabitstheplainsadjacent 
to  the  Rocky  Mountains,  where  it  frequently  attacks  insects  much 
larger  than  itself.  He  noticed  particularly  the  effects  produced  by  it 
on  the  large  Cicindeloe  of  that  region  (C.  pnlchra,  obsoleta,  Say) 
which  were  seized  while  flying  in  the  air,  and  were  always  killed  be- 
fore the  Asilus  could  be  driven  off.  Vital  action  appeared  to  cease 
instantly,  and  this  was  evidently  caused  by  a  very  virulent  poison,  as 
the  insect  attacked  was  always  found  in  a  completely  relaxed  state, 
nordid  the  ligaments  become  stiffagain  until  the  specimen  wasdried. 
This  was  not  owing  to  the  sudden  introduction  of  a  sharp  pointed 
instrument  (such  as  the  beak  of  the  Asilus)  into  the  vital  parts  of  the 
insect,  for  Dr.  LeConte  had  taken  a  large  pin  and  introduced  it  be- 
tween the  head  and  thorax  of  Cicindelse,  and  even  moved  it  about, 
without  producing  any  apparent  effect,  and  when  the  insect  finally 
did  die,  the  limbs  were  not  relaxed.  He  concluded  by  pointing  out 
the  apparent  connection  of  these  phenomena  with  the  great  irrita- 
tion produced  on  our  persons,  b}'  very  small  insects,  also  belonging 
to  the  order  Diptera,  Simulium  (gnats,  sand-flies,  etc.). 
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Fourth  Day,  August  17,  1849. 

AFTERNOON    SESSION. 

The  Association  met  in  General  Session,  at  lialf-past  four  in 
Harvard  Hall. 

The  first  paper  was  read  b}^  Prof.  Horsford,  as  follows  : — 
Notice  of  some  Experiments  on  the  Electricity  of  a  Plate 
of  Z[nc  buried  in  the  Earth.     By  Eli  as  Loomis,  Professor 
of  Natural  Philosophy  in  the  College  of  New  Jerse}'.     Read 
b};-  Prof.  Horsford. 

In  October,  1842,  Mr.  Alexander  Bain  discovered  that  a  plate  of 
zinc  buried  in  the  earth,  and  connected  by  a  wire  with  a  copper- 
plate similarl}^  buried,  at  the  distance  of  a  mile,  produced  an  electric 
current  with  which  various  electro-magnetic  experiments  were  suc- 
cessfully performed.  I  have  latelj'  performed  a  series  of  similar 
experiments  for  the  purpose  of  ascertaining  the  circumstances 
which  determine  the  intensity  of  the  current,  and  of  discovering  to 
what  extent  this  intensity  might  be  increased. 

On  the  15th  of  May  last,  I  took  a  plate  of  sheet  zinc,  twelve 
inches  by  sixteen,  and  having  soldered  to  it  a  copper  wire  sixty  feet 
in  length,  buried  it  two  feet  beneath  the  surface  of  the  earth,  on  the 
north  side  of  the  Philosophical  Hall  of  the  college  of  New  Jersey. 
A  plate  of  sheet  copper,  nine  inches  square,  was  buried  in  a  similar 
manner,  twenty-seven  feet  from  the  former.  The  wires  from  these 
plates  being  together  one  hundred  and  fourteen  feet  in  length,  ex- 
tended to  the  upper  story  of  the  hall,  and  were  connected  with  a  small 
galvanometer  made  by  E.  M.  Clark,  of  London.  The  needle  (which 
was  two  and  three-eighths  inches  in  length)  was  deflected  with  great 
violence,  and  finally  settled  at  sixt3'-six  degrees.  The  current  of 
positive  electricit}'  flowed  through  the  earth  from  the  zinc  to  the 
copper-plate,  and  thence  through  the  air  back  to  the  zinc  plate. 

When  one  of  Morse's  receiving  magnets  was  substituted  for  the 
galvanometer,  the  armature  was  readily  attracted,  and  after  adding 
a  single  cup  of  Grove's  batterj^  for  the  local  circuit,  the  register 
worked  promptly  and  efficiently. 

I  moistened  a  strip  of  paper  with  a  solution  of  iodide  of  potassium 
and  starcii.  Upon  introducing  the  paper  into  the  circuit,  the  iodine 
immediately  made  its  appearance  upon  the  positive  pole.     Morse's 
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telegraphic  characters  were  promptly  stained  upon  the  paper,  so 
as  to  admit  of  telegraphing  with  tolerable  rapidity. 

I  moistened  a  strip  of  paper  with  a  solution  of  prussiate  of  potash 
in  nitro-rauriatic  acid.  This  was  readil}'  stained  a  deep  blue,  when 
the  current  was  transmitted  through  a  steel  point.  Morse's  tele- 
graphic characters  were  marked  upon  the  paper  with  promptness. 

On  the  first  of  June,  the  galvanometer  indicated  precisel}-  the 
same  intensity  of  current  as  on  the  day  the  zinc  plate  was  buried. 
I  now  buried  a  second  zinc  plate,  twenty  inches  square,  by  the  side 
of  the  former  one,  at  the  depth  of  two  feet  beneath  the  surface  of 
the  earth,  and  connected  the  two  plates  by  a  short  wire.  The 
galvanometer  now  settled  at  seventy-two  degrees.  Thus  it  appears 
that  by  the  addition  of  the  second  plate,  which  was  considerably 
larger  than  the  first,  the  strength  of  the  electric  current  had  been 
increased  about  one-third. 

I  took  a  copper  wire  760  feet  long,  and  attached  to  one  extremity 
a  plate  of  sheet  copper  48  inches  by  14,  which  I  immersed  in  a  well 
475  feet  distant  from  the  zinc  plate.  About  250  feet  of  the  wire 
was  stretched  around  the  Philosophical  Hall ;  the  remainder  was 
suspended  in  the  air  over  the  tops  of  the  houses,  and  was  insulated 
by  glass.  Upon  connecting  this  wire  with  that  from  the  zinc  plates, 
the  galvanometer  settled  at  74f  degrees. 

In  order  to  determine  the  influence  of  the  size  of  the  copper  plate 
upon  the  intensity  of  the  current,  I  divided  the  sheet  in  the  middle, 
leaving  a  plate  24  inches  by  14  immersed  in  the  well.  The  galvano- 
meter stood  at  71^  degrees.  I  thus  proceeded  to  divide  the  copper- 
plate, until  I  had  reduced  it  to  three  inches  by  a  half  inch,  the  gal- 
vanometer being  recorded  at  each  observation,  after  which  the  plate 
was  entirely  removed.  I  then  withdrew  the  wire  gradually  from 
the  well,  until  onl}'  three  inches  of  it  remained  immersed  in  the 
water,  and  noticed  at  each  step  the  effect  upon  the  needle.  Assuming 
now  that  the  intensity  of  the  current  is  measured  by  the  tangent 
of  the  angle  of  deviation  of  the  galvanometer,  we  find  that  a  copper- 
plate one  inch  wide  and  two  inches  long  yields  one-half  the  current 
of  a  plate  having  7iine  times  the  amount  of  surface  ;  and  it  j'ields 
one-fourth  the  current  of  a  plate  having  tJiree  hundred  and  twenty 
times  the  surface. 
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I  now  took  a  strip  of  sheet  zinc,  one-tenth  of  an  inch  wide  and 
twenty  inches  long,  and  having  soldered  to  it  a  copper  wire  sixty  feet 
in  length,  inserted  it  vertically  in  the  ground  near  the  Philosophical 
Hall.  One  end  of  the  wire  before  mentioned,  760  feet  in  length,  was 
dropped  into  the  well  475  feet  distant,  without  any  plate  attached  to 
it.    Upon  connecting  the  two  wires,  the  galvanometer  settled  at  38f 
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degrees.  This  current  was  sufficient  to  work  the  telegraph  reg- 
ister with  prompness  and  efflciency. 

The  following  experiments  were  made  to  determine  the  influence 
of  the  length  of  the  conducting  wire  upon  the  intensit}' of  the  current. 
I  attached  a  copper  plate  14  inches  by  24,  to  the  end  of  a  long  wire, 
and  immersed  it  in  the  well  be  fore  referred  to.  When  the  zinc  plate, 
twenty  inches  square,  was  connected  with  it,  the  length  of  wire  in 
the  circuit  being  570  feet,  tlie  galvanometer  settled  at  seventy  de- 
grees. When  the  length  of  wire  was  increased  to  940  feet,  the 
galvanometer  settled  at  69^  degrees.  When  the  length  of  wire  was 
increased  to  1450  feet,  the  galvanometer  settled  at  69]-  degrees. 
Thus  it  appears  thatwhen  the  length  of  a  circuit  was  doubled,  the  in- 
tensity of  the  current  was  but  slightly  impaired,  which  seems  to  fa- 
vor tlieidea  that  the  current  thus  generated  might  be  employed  for 
telegraphing  to  consideiable  distances.  Mr.  Vail  succeeded  in 
telegraphing  from  AVashington  to  Baltimore  with  such  a  battery. 
He  does  not  expressly  mention  the  size  of  the  plates  ;  but  it  is  in- 
ferred that  the  copper  plate  was  five  feet  long,  by  two  and  a  half 
feet  wide,  and  the  zinc  plate  had  probably  about  the  same  dimensions. 

The  following  experiments  were  tried  to  determine  how  far  the 
intensity  of  the  current  could  be  increased  b\'  multiplying  the  num- 
ber of  galvanic  elements.  I  buried  a  plateof  zinc,  six  inches  square, 
in  the  earth,  at  a  distance  of  twelve  feet  from  the  well  before 
mentioned.  A  plate  of  copper,  six  inches  square,  being  attached 
to  a  wire  and  dropped  into  the  well,  the  galvanometer  settled  at  26 
degrees.  I  then  buried  a  second  copper  plate,  six  inches  square, 
at  the  distance  of  oneincli  from  the  first  zinc  plate,  and  connected 
it  b}'  a  wire  with  a  second  zinc  plate,  which  was  immersed  in  the  well 
by  the  side  of  the  copper  plate,  and  separated  from  it  to  the  dis- 
tance of  half  an  inch,  b^'  interposed  cork.  The  galvanometer  set- 
tled at  44  degrees.  The  tangents  of  26  and  44  degrees  are  in  the 
ratio  of  one  to  two.  The  intensity  of  the  current  was,  therefore, 
doubled  by  the  addition  of  a  second  pair  of  plates. 

I  removed  the  second  copper  plate  to  the  distance  of  five  inches 
from  the  zinc  which  was  buried  in  the  earth,  when  the  galvanometer 
settled  at  33  degrees.  I  then  interposed  between  the  copper  and  zinc 
a  third  pair  of  plates,  of  the  same  dimensions,  connected  bj*  a  strap 
of  copper.  The  galvanometer  settled  at  40^  degrees.  This  ex- 
periment did  not  afford  much  encouragement  for  increasing  the  num- 
ber of  plates  be3ond  two  pairs  of  elements.     By  bringing  the  plates 
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a  little  closer  together,  a  slight  increase  of  effect  would  have  been 
obtained  ;  but  although  the  experiment  was  several  times  repeated, 
nearly  the  same  advantage  appeared  to  be  lost  in  every  instance 
b}'^  the  separation  of  the  second  copper  plate  from  the  first  zinc, 
as  was  gained  by  the  interposition  of  the  third  pair  of  plates. 

I  then  immersed  a  battery  of  three  pairs  of  plates  in  the  well, 
the  outer  copper  plate  being  connected  b^-  a  wire  with  tlie  zinc 
plate  in  the  earth,  and  the  outer  zinc  plate  being  connected  with 
the  copper  plate  buried  one  inch  from  the  zinc.  The  intensit}'  of 
the  current  was  less  than  when  a  single  pair  of  plates  immersed 
in  the  well  was  connected  with  a  pair  of  plates  buried  in  the 
earth. 

The  details  of  the  experiments,  of  which  the  preceding  is  but  a 
brief  synopsis,  will  be  published  hereafter,  provided  they  should  be 
thought  of  sufficient  interest. 

This  was  followed  by  remarks  from  Prof.  Henry,  Dr.  Hare  and 
Prof.  H.  D.  Rogers. 

Prof.  H.  D.  Rogers  mentioned,  that  in  a  series  of  experiments 
published  several  years  ago,  in  Silliman's  Journal,  by  Prof.  W.  B. 
Rogers  and  himself,  results  were  stated  which  would  be  found,  he 
thought,  to  possess  some  practical  interest,  in  relation  to  the  con- 
ditions which  influence  the  production  of  electric  tension.  The 
experiments  referred  to  seemed  to  prove  that  a  far  more  intense 
electric  action  is  procured,  when  the  surface  of  the  zinc  element 
exposed  to  chemical  action  bears  a  small  proportion  to  the  copper 
surface,  than  when  their  areas  are  reversed.  They  likewise  indi- 
cated a  remarkable  exaltation  of  action  when  the  acidor  other  chem- 
ical agent  was  heated  ;  and  it  was  found  that  after  a  progressive 
declension  of  the  electric  energy  attendant  on  immersion,  a  quick 
restoration  of  power  could  be  effected,  b}-  withdrawing  the  plates 
for  a  brief  interval,  and  wiping  them. 

Prof.  Henry  read  a  letter  received  from  the  president  of  a  Tele- 
graph Company,  mentioning  a  phenomenon  that  had  occurred  dur- 
ing a  thunder  storm.  The  letter  was  made  the  basis  of  a  commun- 
ication from  Prof.  Henry,  in  relation  to  atmospheric  electricity, 
which  was  followed  by  a  discussion,  in  which  Professors  Henry, 
Hare  and  Johnson,  and  Dr.  C.  T.  Jackson,  took  part. 
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Remarks  on  the  Supposed  Connection    between  Cholera  and 
Electricity.     By  Dr.  Hare. 

Agreeably  to  a  statement,  recently  republished  in  some  respecta- 
ble newspapers,  a  French  electrician,  finding  an  unusual  difficulty  in 
producing  electricity  by  his  electrical  machine,  conceived  it  to  be 
demonstrated  that  the  difficulty  did  not  arise  from  any  imperfection 
or  impediment  in  the  apparatus  employed.  Hence  it  was  inferred 
by  him,  that  the  failure  of  the  machine  to  display  its  wonted  power, 
might  result  from  a  deficiency  of  electricity  in  the  atmosphere ; 
and,  moreover,  that  the  prevalence  of  cholera  might  be  the  conse- 
quence of  the  same  deficiency . 

The  idea  that  there  can  be  a  greater  or  less  quantity  of  electricity 
in  the  atmosphere  seems  to  be  irreconcilable  with  any  accredited 
doctrine,  or  with  any  to  which  the  author  can  be  presumed  to 
adhere  from  the  language  employed. 

This  language  evidently  assumes  electricity  to  be  a  material 
principle,  of  which,  more  or  less  may  exist  in  the  atmosphere 
throughout  an  extensive  region. 

Agreeably  either  to  the  Franklinian  doctrine  of  one  fluid,  or 
Dufay's  doctrine  of  two  fluids,  the  efforts  of  the  electrician  to  pro- 
duce electricity  are  not  in  the  least  dependent  on  the  quantity  of 
electric  matter  present ;  but  on  the  competency  of  the  apparatus 
employed  to  destroy  the  equilibrium,  to  which,  when  undisturbed, 
that  matter  alwa^'s  tends.  When  an  electrical  machine  is  in  suc- 
cessful operation,  so  as  to  charge  its  oppositely  excited  conductors 
to  a  maximum,  there  is  no  more  electricity  present  than  prior  to  the 
process  ;  since,  whatever  has  been  gained  by  one  surface  must  have 
been  lost  by  the  other. 

It  is  true  that  agreeably  to  the  theory  of  Franklin,  the  sky  and 
the  terrestrial  surface  may  be  oppositel}'  charged  so  that  one  ma}'  be 
negatively,  the  other  positively  electrified,  in  which  case  the  terres- 
trial surface  may  be  deficient  and  the  sky  surcharged,  but  this 
would  not  prevent  an  electrical  machine  resting  on  the  earth  from 
causing  the  fluid  to  be  redundant  on  one  of  its  insulated  conductors, 
and  proportionably  diminished  upon  the  other. 

According  to  Dufay  there  is  as  much  electricity  in  a  negatively 
excited  body  as  in  one  positively  excited  ;  the  difference  is,  as  to 
kind,  not  as  to  quantity.  There  is  as  much  more  resinous  electricity 
in  the  negative  conductor,  as  there  is  less  of  the  vitreous  ;  while  in 
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like  manner,  upon  the  positive  conductor,  the  vitreous  surcharge 
compensates  the  resinous  deficiency. 

Admitting,  therefore,  the  observations  of  the  electrician  to  have 
been  so  far  correct,  that  he  actually  found  the  friction  of  glass  less 
capable  of  producing  electricity  during  a  period  when  cholera  pre- 
vailed, than  at  others,  either  consistently  with  neither  doctrine  can  it 
be  the  consequence  of  a  deficit  of  electric  matter.  It  can  onl}'  have 
arisen  from  an  unusual  insusceptibility  of  the  media  in  which  electric 
disturbance  is  producible,  to  assume  those  opposite  electrical  states 
which  it  is  the  province  of  the  electrical  machine  to  create.^ 

According  to  the  electrical  theory  which  I  have  advanced,  opposite 
electrical  states  are  not  the  consequence  of  anj*  redundancy- or  defi- 
ciency of  electric  matter  ;  but  are  owing  to  opposite  statesof  polarity 
produced  in  an  ethereal  medium  which  pervades  the  universe,  and 
probably  identical  with  that  of  which  ihe  undulatoiy  aff^ections  are 
inferred  to  be  the  cause  of  light.  The  working  of  an  electrical 
machine  causestwoatmospheresof  oppositely  polarized  ethereal  par- 
ticles to  exist  severally  on  the  conductors.  The  negative  poles  of 
the  one  set  of  particles,  forming  the  positive  atmosphere,  are  di- 
rected towards  the  positively  polarized  surface  of  the  2)ositively 
excited  conductor,  the  positive  poles  of  the  set  of  ethereal  particles 
forming  the  negative  atmosphere  being  directed  towards  the  nega- 
tively polarized  surface  of  the  negatively  excited  conductor.  At 
the  same  time  the  particles  of  atmospheric  air,  or  of  nny  other  light 
matter,  which  may  be  associated  with  the  polarized  atmospheres, 
assume  a  corresponding  polarity. 

This  association,  together  with  its  polarizing  influence,  is  seen 
wliere  four  artificial  scalps  abundantly  furnished  witli  hair,  are  placed 
upon  insulated  conductors  ;  so  that  two  of  the  scalps  may  be  electri- 
fied positively  and  two  negatively.  Under  these  circumstances,  the 
hair  similarly  excited  will  be  reciprocally  repulsive  ;  that  dissimilarly 

*  Agreeably  to  Faraday's  rusearolies,  and  general  exi)erience,  we  have  rcai^on  to 
believe  that  all  particles  of  matter  are  endowed  with  one  or  the  otiier  of  two  species  of 
polarity.  This  word  polarity  conveys  the  idea  that  two  terminations  in  each  particle  aie 
respectively  endowed  with  lorces  whicli  are  analogous,  Init  contrary  in  tlieir  nature; 
so  tliat  of  any  two  homogeneous  particles,  the  similar  poles  repel  eacli  other,  while  tlie 
dissimilar  attract;  likewise  wlien  ireely  suspended  tliey  taken  certain  po.siiion  relatively 
to  each  other,  and  on  due  proximity  the  oppo.'~ile  polar  forces,  countciactingeacli  other, 
appear  to  be  extinct.  When  deranged  from  this  natural  state  of  reiiprocal  neutraliza- 
tion, tlieir  liberated  poles  react  with  the  particles  of  atljacent  bodies,  or  those  in  the  sur- 
rounding medium.  Under  these  circumstances,  any  bodj-  which  may  be  c<)n>tituted  of 
tiie  particles  thus  reacting,   is  said  to  be  polarized,  or  in  a  state  of  polarization. 
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excited  will  be  reciprocall}' attractive.  IndividnnlU^  the  hairs  upon 
either  scalp,  being  of  necessity'  similarly  electrified,  strive  to  sepa- 
rate from  each  other,  diverging  like  radii  from  a  centre;  all  the 
hair  on  any  one  scalp  will  attract  or  repel  all,  or  an}'  other,  ac- 
cordingly as  the  electricity  received  may  be  similar  or  dissimilar. 

The  reaction  between  tlie  hair,  as  above  desci'ibed,  very  much 
resembles  that  between  the  catenated  filaments  formed  by  iron  fil- 
ings when  sifted  on  paper  over  two  horseshoe  magnets,  the  poles 
of  which  are  relatively  to  each  other  at  suitable  positions  with  the 
recjuisite  proximit}'.  Hence,  as  both  are  attended  by  polar  affec- 
tions, the  term  polarity  or  polarization  may  in  either  case  be  em- 
ployed to  designate  the  phenomena. 

Yet  I  conceive  the  one  to  be  due  to  an  intestinal  arrangement  of 
the  ferruginous  particles,  the  other  to  a  superficial  affection  of  the 
insulated  conductor,  and  of  the  hair  consequent  to  the  polarization 
of  the  ethereal  atmosphere  within  which  they  are  involved.^ 

If,  as  I  have  urged,  the  province  of  an  electrical  machine  be  to 
produce  waves  of  polarization  in  an  ethereal  medium,  alwaysequally 
abounding  in  all  space,  evidentl}'  any  incompetency  which  may  be 
discovered  in  the  machine,  cannot  be  the  consequence  of  a  dimin- 
ution of  electricit}^  in  the  atmosphere,  but  must  be  owing  to  some 
change  in  the  properties  of  the  polarizable  surfaces  of  the  glass  or 
cushion,  or  of  the  surrounding  ethereal  or  gaseous  media. 

It  has  long  been  known  that  substances  are  capable  of  different 
states  ;  of  which  the  most  familiar  exemplification  is  afforded  b}'  car- 
bon. This  element  may  be  seen  in  the  extremely  combustible  state 
of  a  pyrophorus,  or  the  almost  incombustible  state  of  plumbago  ;  in 
the  opaque  form  of  anthracite  or  charcoal,  or  the  transparent  form  of 
diamond.  Many  elements  which  do  not  unite  with  each  other  in  one 
state,  in  another  combine  energetically.  This  is  eminently  true  in 
the  case  of  carbon  with  nitrogen  ;  of  nitrogen  with  hydrogen,  nitro- 
gen with  oxygen  ;  chlorine  with  carbon  ;  and  hydrogen  with  carbon. 

This  state  of  susceptibility  of  union  has  been  called  the  nascent 
state  (from  nasco,  to  be  born)  because  bodies  are  usually  endowed 
with  it  at  the  moment  of  apparent  birth,  as  on  being  just  liberated 
from  combination.  Dr.  Draper  has  made  us  acquainted  with  a  per- 
manent change  of  state  in  the  case  of  chlorine,  in  which  a  greater 

2  In  order  that  tlie  reader  may  understand  the  {grounds  on  which  this  theoretic  expo- 
fition  is  founded,  attention  may  be  directed  to  the  series  of  Essays  by  Dr.  Hare,  pub- 
lished in  Silliman's  Journal,  particularly  from  paragrapli  20  to  paragraph  .57  inclusive. 

15 
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susceptibility  of  combining  with  liydrogen  is  permanently  acquired. 
^  Chlorine  does  not  react  with  hydrogen  when  a  mixture  of  these  gases 
is  exposed  to  diffuse  daylight.  Yet  a  pencil  of  the  solar  raj's,  on 
entering  such  a  mixture,  causes  forthwith  explosive  inflammation. 
Nevertheless,  agreeably  to  Draper,  if,  after  chlorine  has  been  ex- 
posed to  sunshine,  a  mixture  of  it  be  made  with  hydrogen,  reaction 
ensues  on  exposure  to  a  feeble  light.  This  property  of  undergoing 
a  change  of  state  has  been  called  allotropism,  by  Berzelius. 

Faraday  has  shown  that  the  electric  spark  varies  in  its  length, 
its  form,  and  color,  with  the  nature  of  the  gas  in  which  it  may  be 
made  to  take  place.  During  the  charging  of  the  conductors  (of 
which  the  knob  or  knuckle,  receiving  the  spark  officiates  for  one) 
the  intermediate  gaseous  particles  yield  to  the  polarizing  influence, 
and  being  (as  I  conceive)  together  with  the  associated  ether, 
brought  to  the  highest  state  of  polarity  of  which  they  arc  suscept- 
ible, are  suddenly  depolarized  by  being  allovved  to  meet  and  neu- 
tralize each  other  in  a  discharger,  oi"  other  competent  conductor, 
such,  for  instance,  as  any  part  of  the  animal  frame.  It  is  during 
this  return  to  statu  quo,  that  the  shock  is  experienced  by  the  per- 
son of  the  operator  when  forming  a  part  of  the  circuit. 

But  if,  according  to  Faraday,  the  charging  and  discharging  of 
bodies  with  opposite  electricities,  be  influenced  by  the  natureof  the 
intervening  gaseous  particles,  may  they  not  be  influenced  also  by  the 
allotropism  of  those  particles?  So  powerful  is  the  influence  of  the 
working  of  an  electrical  machine  upon  the  media  around,  that  a 
remarkable  odor  is  always  perceptible.  Moreover,  the  air  seems  to 
have  acquired  properties  so  remarkable  and  peculiar,  that  a  distin- 
guished philosopher,  Schonbein,  inferred  that  they  were  ascribable 
to  its  containing  a  peculiar  elementary  body  which  he  called  ozone. 

Schonbein  subsequently  found  that  a  similar  change  might  be 
effected  in  air  by  the  presence  of  phosphorus  and  other  means. 
Nevertheless,  all  efforts  to  isolate  any  substance  endowed  with  the 
requisite  properties  failed,  and  facts  were  noticed  inconsistent  with 
the  existence  of  any  such  body  as  ozone.-' 

'  The  following  experiment,  for  which  we  are  indebted  to  the  distingiiislieil  philoso- 
lihcr.  Do  La  Rive,  seems  to  be  conclusive  as  to  the  (act,  that  ozone  may  be  generated 
from  isolated  oxygen. 

Into  a  glass  tube  a  platina  wire  was  secured  by  passing  the  glass  over  it,  at  the  same 
time  closing  one  of  the  orifices.  One  end  of  the  wire  thus  secured  was  made  concen- 
tric with  the  axis  of  the  cavity,  and  to  project  within  it  a  convenient  distance.  Chlorate 
of  iiotash  fused  so  as  thoroughly  to  expel  moisture,  was  introduced  into  the  cavity  of  the 
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If,  nccording  to  Faraday,  the  intervening  or  circumambient  gase- 
ous particles  participate  in,  and  modify  the  phenomena  which  take 
place,  during  cliarge  and  discharge,  so  that  the  polarity  to  them 
imparted,  and  its  effects,  are  essentially  and  actively  influential 
upon  the  result,  varying  it  according  to  their  nature, —  if  the  odor 
ascribed  by  Schonbein  to  ozone  be  due  to  a  change  in  the  state  of 
the  atmospheric  oxygen  in  the  vicinity,  ozonification  may  be  nec- 
essary to  electrical  excitement.  Of  course,  should  there  be  any 
aliotropism  of  oxygen,  capable  of  rendering  it  less  susceptible  of 
ozonification,  or,  in  other  words,  of  the  polarization  which  elec- 
trical excitement  requires,  such  an  allotropic  state  may,  at  the 
same  time,  produce  a  greater  tendency  to  disease,  so  that  lesser 
exciting  causes  may  cause  sickness. 

This  idea  may  be  illustrated  by  an  analogy. 

Suppose  sulphur,  phosphorus  and  carbon,  in  their  different 
states,  to  be  subjected  to  a  rise  of  temperature  while  exposed  to 
the  oxygen  of  air.  Every  chemist  must  be  aware  that  carbon,  in 
the  state  of  pyrophorus,  would  take  fire  at  the  lowest  temperature  ; 
phosphorus  would  burn  next ;  then  sulphur,  tinder,  charcoal,  an- 
tliracite,  plumbago,  diamond  ;  each  in  succession  as  named. 

Were  sparks  emitted  from  flint  and  steel  to  fall  on  each  of  the 
combustibles  above  mentioned,  it  is  probable  that  carbon,  in  the 
state  of  tinder  or  pyrophorus,  would  be  ignited  first. 

Electrical  discharges  would  also  more  readily  ignite  some  of  these 
forms  of  matter  than  others.  They  would  not  set  fire  to  tinder  as 
readily  as  the  spark  from  flint  and  steel,  but  would  inflame  hydro- 
gen or  any  of  its  gaseous  compounds  when  the  other  would  fail. 

As  carbon  is  more  susceptible  of  the  spark  from  the  flint  and 
steel,  and  hydrogen  of  that  produced  by  electricity,  so  we  may 
suppose  a  diversity  in  the  human  organization,  as  respects  its  sus- 
ceptibility of  being  affected  by  ozonification,  by  animalcules, 
fungi,  or  any  other  supposed  causes  of  epidemical  sickness. 

tube.  Heat  being  applied,  the  tubular  cavity  became  replete  with  evolved  oxygen,  by 
which  the  air  was  expelled  through  a  beak,  into  which  the  open  end  of  the  tube  had 
been  drawn,  after  introducing  the  chlorate.  Another  platina  wire  being  introduced 
through  this  beak,  was  secured  by  fusion  of  the  glass,  so  as  to  leave  an  interval  between 
its  termination  and  that  of  the  other  wire,  suitable  lor  the  transmission  of  a  series  of 
electric  sparks.  The  result  was,  that  the  oxygen  wliile  thus  isolated  from  all  objec- 
tionable matter,  and  subjected  to  such  a  series,  acquired  the  odor  and  properties  as- 
cribed to  ozone.  Hence,  Berzelius,  with  a  great  many  others,  as  well  as  myself,  in- 
clined to  the  opinion,  that  ozonification  might  be  accounted  for,  by  supposing  a  change 
of  state  to  be  induced  in  oxygen. 
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A  general  rise  of  temperature  has  the  greatest  analogy  with  al- 
lotropism  ;  fungi,  or  animalcules,  with  the  varieties  of  fire,  produc- 
ing sparks. 

Independently,  however,  of  my  being  as  yet  incredulous  of  the 
fact  that  there  has  been  any  difficulty  of  producing  electricity,  dur- 
ing the  prevalence  of  cholera,  which  might  not  have  been  traced  to 
imperfection  or  impediments,  it  must  be  evident  that  the  most  that 
our  knowledge  can  justify,  respecting  any  association  between 
electrical  susceptibility  of  polarization,  and  the  causes  of  cholera, 
is  a  possibility.  There  is  no  evidence  which  can  render  such  an  as- 
sociation probable.^ 

Adjourned. 

E.  N.  HORSFOKD,  Secretary. 


Fifth  Day,  August  18,  1849. 
GENERAL  SESSION. 

The  Association  met  at  10  o'clock,  A.  m.,  pursuant  to  adjourn- 
ment. After  reading  the  report  of  the  last  meeting  by  the  Secre- 
tary, it  was  moved  and  carried  that  the  reading  of  the  reports  of 
the  Secretaries  of  the  Sections  be  dispensed  with. 

The  following  persons  were  then  nominated  by  the  Standing 
Committee,  and  unanimously  chosen  members  of  the  Association  : 
Mr.  JohnM.  ORDWAY,of  Roxbury  ;  Mr.  Charles  Girard,  of  Cam- 
bridge ;  Mr.  Increase  A.  Lapham,  of  Milwaukie,  Wisconsin  ;  and 
Geor&e  S.  IIillard,  Esq.,  of  Boston. 

The  following  resolutions  offered  by  Dr.  Gray,  in  behalf  of  the 
Standing  Committee,  were  adopted  : 

Jiesolved,  That  the  Local  Committee  of  Cambridge  be  requested 
to  aid  the  Secretary  in  the  revision  of  the  minutes  and  reports  for 
publication  in  the  proceedings. 

Resolved,  Thatmembersbe  requested  to  furnish  abstracts  of  their 
papers,  and  revisions  of  the  daily  reports  of  their  remarks,  to  the 
Secretaiy,  within  one  fortnight  from  the  adjournment  of  this  meeting. 

<  Since  tlie  above  was  coiiiniunicTted,  it  has  occurred  that  the  odor  and  phosphores- 
cence of  quartz  stones,  whemiubbed  together,  may  be  a  case  of  ozoniflcation. 
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The  following  resolutions,  submitted  by  Dr.  Le  Conte,  were  by 
the  Standing  Connnittee  recommended  for  adoption  : — 

Resolved,  That  the  Committee  appointed  last  year  for  the  purpose 
of  memorializing  Congress  on  the  importance  of  scientific  explora- 
tion, is  hereb^^  continued  for  the  present  j^ear. 

Resolved,  That  in  addition  to  the  duties  prescribed  at  our  former 
meeting,  the  Committee  be  requested  to  present  a  memorial  to  Con- 
gress on  the  importance  of  malving  general  results  of  the  Explor- 
ing Expedition,  b}'  distributing  to  different  learned  Societies  of  our 
country  series  of  the  duplicates  at  present  lying  useless  in  the  cellars 
of  the  Patent  Office.     Adopted. 

The  Standing  Committee  further  reported  that  it  was  expedient 
to  subdivide  each  of  the  two  Sections  into  two  other  sections,  in 
order  that  the  business  of  the  Association  might  be  expedited. 

On  motion,  it  was  voted  that  the  invitation  of  the  Faculty  and  Cor- 
poration of  YaleCoUege,  to  meet  at  NewHaven  forthe  next  session, 
be  accepted. 

Prof.  Rogers  then  suggested  that  an  intermediate  Spring  session 
might  be  holden  at  some  place  in  tlie  southern  section  of  the  country, 
with  advantage  to  the  interests  of  the  Association. 

Dr.  GiBBES  followed  in  support  of  the  same,  and  in  behalf  of  the 
naturalists  and  citizens  of  Charleston,  S.  C,  invited  the  Association 
to  meet  in  that  place  in  March  next.  The  whole  subject  was  then 
referred  to  the  Standing  Committee. 

After  the  reading  of  the  programme,  the  Association  adjourned 
to  meet  in  Sections. 

E.  N.  HORSFORD,  Secretary. 


Fifth  Day,  August  18,  1849. 

SECTION  OF  MATHEMATICS,  PHYSICS  AND   ASTRONOMY. 

The  meeting  was  organized  b}'  the  election  of  President  Everett 
as  Chairman  for  the  day,  and  B.  A.  Gould,  Jr.,  as  Secretary. 

Mr.  Sears  C.  Walker  addressed  the  Association  on  the  subject 
of  a  new  analogy  in  the  periods  of  rotation  of  the  primary  planets, 
discovered  by  Daniel  Kirlcwood,  Esq.,  of  Pottsville,  Penns^dvania. 

The  subject  of  my  present  communication  is  contained  in  a  letter 
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of  Mr.  Daniel  Kiikwood,of  Pottsville,  Pennsylvania,,  dated  Juh'  4, 
ofthisj'ear. 

The  Secretary  then  read  Mr.  Kirkwood's  letter,  as  follows  : — 

Pottsville,  Pa.,  July  4,  1849. 

Sears  C.  Walker,  Esq. 

Dear  Sir: — Knowing  the  great  interest 3'ou  feel  in  astronomical 
inquiries,  I  take  the  liberty  of  submitting  the  following  paper  to 
your  consideration,  and  respectfullysoliciting5^our  opinion  as  to  the 
problem  which  I  have  been  attempting  to  solve.  Is  it,  or  is  it  not, 
deserving  of  further  investigation?  AVhatever  ma}' be  3'our  decision, 
as  I  have  the  fullest  confidence  in  30ur  judgment,  I  shall  at  once 
acquiesce.  Wishing  to  be  as  brief  as  possible,  I  will  not  trouble  you 
at  present  with  any  statement  of  the  considerations  which  suggested 
my  hypothesis. 

While  we  have,  in  the  law  of  Keplar,  a  bond  of  mutual  relation- 
ship between  the  planets,  as  regards  tlieir  revolutions  round  the  sun, 
it  is  remarkable  that  no  law  law  regulating  their  rotations  on  tlieir 
axes  has  ever  been  discovered.  For  several  3'ears,  I  have  had  little 
doubt  of  the  existence  of  such  a  law  in  nature,  and  have  been  engaged , 
as  circumstances  would  permit,  in  attempting  its  development.  I 
have  at  length  arrived  at  results,  which,  if  they  do  not  justify  me 
in  announcing  the  solution  of  this  important  and  interesting  prob- 
lem, must  at  least  be  regarded  as  astonishing  coincidences. 

Let  P  be  the  point  of  equal  attraction  between  any  planet  and 
the  one  next  interior,  the  two  being  in  conjunction  ;  P',  that  be- 
tween the  same  and  the  one  next  exterior. 

Let  also  D;:rtlie  sum  of  the  distances  of  the  points  P,  P',  from 
the  orbit  of  the  planet ;  which  I  shall  call  the  diameter  of  the  sphere 
of  the  planet's  attraction  ; 

D'nithe  diameter  of  an}'  other  planet's  sphere  of  attraction  found 
in  like  manner ; 

n  =  the  number  of  sidereal  rotations  performed  b}'  the  former 
during  one  sidereal  revolution  round  the  sun  ; 

n'=  the  number  performed  b}-  tlie  latter  ;  then  it  will  be  found  that 
?i2  :  n'i  :  :  D3:  D'3;  or  n  =  n'    f-^ 

For  the  sake  ofconvenientreference,  I  subjoin  the  followingtables. 
The  masses  of  Venus,  the  Earth,  Mars,  Jupiter,  and  Saturn,  are  taken 
from  your  edition  (1845)  of  Sir  John  Herscliel's  Treatise  on  Astron- 
omy. Those  of  Mercury  and  Uranus  correspond  with  my  hypothe- 
sis, and  are  nearly  identical  with  the  most  recent  and  reliable  deter- 
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minations  of  astronomers.  In  other  words,  the  mass  of  Mercurj'  is 
very  nearly  a  medium  between  the  two  estimates  of  Encke,  i  while 
that  of  Uranus  is  more  than  ||  of  Struve's  mass,  2-^^^x)  found  by 
observations  on  the  satellites. ^  The  mean  distances  not  being  given 
in  miles  in  Hersehel's  Treatise,  I  have  used  the  table  of  distances  in 
the  Astronomy  of  Professor  Norton.  For  Mars'  period  of  rotation 
(24^  37m  20^  6.)  I  have  adopted  the  recent  determination  of  Prof. 
O.  M.  Mitchell.     (Sid.  Mess.,  Vol.  7,  p.  52.) 

TABLE  I. 


Planet's 
name. 


Mercury', 

Venus, 

Earth, 

Mars, 

Jupiter, 

Saturn, 

Uranus, 


Mean  Distance 

from  the  Sun 

in  miles. 


36,814,000 

68,787,000 

95,103,000 

144,908,000 

494,797,000 

907,162,000 

1,824,290,000 


Mass. 


Square  root 
of  Mass. 


,  No.  rota- 
tions in  one 
Sifl.  Period.! 


Los 


277,000i 

2,463,836 

2,817,409 

392,735 

953,570,222 

284,738,000 

35,186,000 


526.3   87.63  1.942653 

1569.6!  230.9  2.363424 

1678. 5}  366. 25|2. 563777 

626.71  669.6  [2.825815 

30879  8'  10471  [4.019988 

16874.1 1  24620  '4.391288 

5931.5!  I 


The  points  of  equal    attraction  between  the  planets  severally 
(when  in  conjunction)  are  situated  as  follows  : — 


ir. 


Miles  from 

Miles  from 

Mercury  and  Venus, 

the  former. 

the  latter. 

Between 

8,029,600 

23,943,400 

a 

Venus  and  Earth, 

12,716,600 

13,599.400 

(( 

Earth  and  Mars, 

36,264,600 

13,540,400 

(( 

Jupiter  and  Saturn, 

266,655,000 

145,710,000 

(( 

Saturn  and  Uranus, 

678,590,000 

238,538.000 

It  will  be  seen  from  above,  that  the  diameter  of  the  earth's  sphere 
of  attraction  is  49,864,000  miles.  Hence  the  diameters  of  the  re- 
spective spheres  of  attraction  of  the  other  planets,  according  to  my 
empirical  law,  will  be  found  to  be  as  follows : — 

Diam.  of  Sphere  of  Attr.  Log. 

Mercury, 19,238,000  1.283704 

Venus, 36,660,000  1.564218 

Mars, 74,560,000  1.872479 

Jupiter, 466,200,000  2.668594 

Saturn, 824,300,000  2.916127 

>  See  Prof.  Encke's  letter  to  Mr.  Airy,  dated  Dec.  20,  1S41. 
-  Edinburg  Phil.  Journal,  for  July,  1848. 
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RemarTcs.  '  The  volumes  of  the  sphere  of  attraction  of  Venus, 
Mars,  and  Saturn,  in  tliis  table,  correspond  with  those  obtained 
from  Table  II ;  that  of  Mars  extending  sixt3'-one  million  miles  be- 
yond his  orbit,  or  to  the  distance  of  two  hundred  and  six  million  miles 
from  the  sun.  This  is  about  two  or  three  million  miles  less  than 
the  mean  distance  of  Flora,  the  nearest  discovered  asteroid.  That 
of  Mercur}'^  extends  about  eleven  million  miles  within  the  orbit ; 
consequently,  if  there  be  an  undiscovered  planet  interior  to  Mer- 
cury, its  distance  from  the  sun,  according  to  my  hypothesis,  must 
be  less  than  twenty-six  million  miles.  Jupiter's  sphere  of  attrac- 
tion extends  only  about  two  hundred  million  miles  within  his  orbit, 
leaving  eighty-nine  million  miles  for  the  asteroids.  It  is  only  in 
the  most  distant  portion  of  this  space,  where  small  bodies  would  be 
less  likely  to  be  detected,  that  none  have  yet  been  discovered. ^ 

The  foregoing  is  submitted  to  your  inspection  with  much  diffi- 
dence. An  author,  j^ou  know,  can  hardly  be  expected  to  form  a 
proper  estimate  of  his  own  performance.  When  it  is  considered, 
however,  that  my  formula  involves  the  distances,  masses,  annual 
revolutions,  and  axial  rotations,  of  all  the  primary  planets  in  the 
system,  I  must  confess,  I  find  it  difficult  to  resist  the  conclusion 
that  the  law  is  founded  in  nature. 

Very  respectfull}',  your  obedient  servant, 

Daniel  Kirk  wood. 

Mr,  Walker  then  i-emarked,  that  it  avouUI  be  noticed  from  the 
contents  of  the  letter,  that  Mr.  Kirkwood  offers  for  the  considera- 
tion of  the  members,  a  subject  of  great  interest  to  the  cultivators 
of  physical  science. 

The  slightest  approach  to  an  analog}',  such  as  constituted  any 
one  of  Kepler's  harmonies,  three  of  which  turned  out  to  be  his  three 
celebrated  laws,  should  be  examined  with  care,  in  order  that  its 
merits,  if  it  have  any,  should  not  be  overlooked. 

Accordingly,  he  proceeded  at  once  to  verify  the  numerical  data 
and  conclusions  of  Mr.  Kirkwood.  He  found  in  them  nothing  requir- 
ing modification,  except  perhaps  the  substitution  of  some  more  recent 
values  for  the  masses  of  Mercury  and  Uranus.  He,  therefore,  com- 
municated the  subject  confidentially  to  the  American  Philosophical 
Society,  during  his  stay  at  Philadelphia,  at  their  stated  meeting,  July 

3  It  may  l)c  proper  to  remark  that  one  planet  between  Mars  ami  Jupiter,  with  a  mass 
and  mean  distance  of  about  double  those  of  the  former,  would  perfectly  satisfy  the  con- 
ditions of  my  tlieory. 
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20tli ;  and,  in  like  manner,  on  tlie  23d,  to  Joseph  Henry,  LL.D., 
Secretarj'of  tlie  Smitlisonian  Institntion.  The  next  day  lie  replied 
to  Mr.  Kirkvvood. 

The  Secretary  then  read  Mr.  Walker's  letter  to  Mr.  Kirk  wood, 
and  the  reply  of  the  latter,  as  follows  : — 

Washington,  July  24, 1849. 

To  Daniel  Kirkwood,  Esq.,  Pottsville,  Pa. 

Dear  Sir : — Absence  from  the  city,  and  pressing  business,  have 
prevented  me  from  sooner  answeringyonr  esteemed  favor  of  the  4th. 

I  have  tested  3'onr  theorem,  with  the  most  recent  values  of  the 
masses  of  the  primary  planets,  namely  :  those  used  hy  Encke,  in 
1845,  with  the  exception  of  Uranus,  for  which  I  used  Adams's  recent 
value,  2Tffiy?y 

I  find  3'our  quantitj' — to  be    nearly  constant  for   the   primary 
Df 

planets  Venus,  the  Earth,  and  Saturn.  Such  a  coincidence  is  hardly 
attributable  to  chance,  and  seems  to  indicate  a  law  of  nature. 

Doubtless,  in  your  researches  on  the  subject,  your  attention  has 
been  turned  to  La  Place's  nebular  hj'pothesis,  from  which  one  of 
your  elements  (namely,  Z),)  is  derived. 

I  think  that  the  form  of  your  constant  may  be  readil}^  deduced 
from  the  nebular  hypothesis,  in  which  case  both  theories  will 
strengthen  each  other. 

The  subject  is  highly  interesting  to  men  of  science,  and  I  shall 
be  glad  to  make  your  discovery  public,  through  the  medium  of  some 
of  our  journals  and  scientific  memoirs.  Please  let  me  hear  from 
you  at  an  early  date. 

Yours  truly  and  respectfully, 

Sears  C.  Walker. 

Pottsville  Academy,  July  31,  1S49. 

Sears  C.  Walker,  Esq.,  Washington,  D.  C. 

Dear  Sir: — Your  favor  of  the  24th  inst.  was  received  in  due 
time  ;  and  I  can  assure  you  I  have  read  it  with  more  than  an  ordi- 
nary degree  of  interest. 

My  attention  was  turned  to  the  subject  of  the  planets'  rotations 
about  ten  years  since.  How  many  hypotheses  I  have  formed,  tested 
and  rejected,  and  how  many  hours  of  solitary  toil  the  subject  has  cost 
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me  I  shall  not  undertake  to  tell  you.  The  theorem  which  I  sent 
you  had  been  lying  on  ray  table  since  August,  1848,  and  was,  as  j'ou 
have  supposed,  derived  from  the  nebular  hypothesis.  A  few  months 
since,  I  sent  it  to  Mr.  E.  C.  Herrick  of  New  Haven.  He  declined, 
however,  expressing  any  opinion  on  the  subject,  and  suggested  that 
I  should  submit  it  to  yourself.         ...... 

I  feel  under  great  obligations  to  you  for  your  offer  to  make  what 
3^ou  are  pleased  to  call  my  "discover}^"  public,  "through  the  medium 
of  some  of  our  journals  and  scientific  memoirs."  I  regret  that  I 
nothing  in  proper  form  for  publication  ;  and,  as  I  am  about  leaving 
Pottsville,  to  spend  ray  August  vacation  in  the  country,  I  shall  not 
be  able  to  give  the  subject  attention  before  September. 

Allow  me  to  leave  the  raatter  entirely  in  your  hands.  Anything 
I  have  written  is  at  your  disposal.  Should  you  see  proper  to  pub- 
lish an  article,  in  your  own  name,  giving  me  credit  for  suggesting 
the  law  itself,  I  should  be  highly  gratified. 

The  mass  of  Uranus,  grffTTdi  which  you  have  used,  is  one  of  which 
I  had  not  heard.  Struve's  value,  mentioned  in  my  former  letter, 
was  furnished  me  by  Mr.  Herrick.  I  labor  under  considerable  dis- 
advantage from  the  want  of  libraries  and  scientific  journals. 

I  shall  be  glad  to  hear  from  jon  at  any  time. 

Very  respectfull}',  3'our  obedient  servant, 

Daniel   Kirkwood. 

Mr.  W.  then  remarked  that  the  members  would  be  struck  with 
the  ten  years  perseverance  of  Mr.  Kirkwood,  in  carrying  out  this 
leadingidea  of  his  life  ;  with  his  patience,  in  waiting  a  3'ear  for  an  op- 
portunity of  making  known  the  result ;  and  with  his  modesty  (the 
characteristic  of  genuine  worth)  in  offering  to  the  world,  the  most 
important  harmony  in  the  Solar  System  discovered  since  the  time  of 
Ivepler,  Avhich,  in  after  times,  may  place  their  names,  side  b^'  side, 
in  honorable  association. 

At  the  instance  of  Mr.  Kirkwood,  Mr.  W.  had  tested  the  numer- 
ical accurac}^  of  the  hypothesis,  by  the  use  of  the  most  recent  values 
for  the  elements  of  the  Solar  System.  The  mode  of  proceeding 
was  as  follows  : — 

Examination  of  Kirlciooo(V s  Analogy. 
In  order  that  Kirkwood'sAnalog3^  should  apply  to  all  the  planets  of 
the  Solar  S3'stem,  including  the  interpolated  planet  between  Mars  and 
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Jupiter,  four  fundamental  conditions  must  prevail  for  each  planet 
considered  as  the  middle  of  a  consecutive  series  of  five  ;  namely  : 

J- '  *  —  j     ; 

c,  +c' 

II mz=z  \_{a  —  a,  —  h,)c,'Y 

III m=  \_{a'  —  a—  lj')c'^^ 

2-      I 

IV 0  z= a~ 

y. 

Where 
a,,,  a,,  a,  a',  a"  =  the  five  mean  distances  of  the  planets. 

m  =  the  mass  in  parts  of  the  sun's  mass  similarly 

accented. 
T  =  the  sidereal  year,  in  earth's  mean  solar  days. 
0  =  the  sidereal  rotation  in  the  same. 
Jc  =  Gauss's  revolution  constant  from  Kepler's  third 

Law. 
■/.  =   n   similar   rotation    constant   from   Kirk  wood's 

Analogy. 
r^  =z  the  inner  radius  of  the  sphere  of  attraction  for 

the  third  planet, 
r'  =1  the  outer  radius  of  the  sphere  of  attraction  for 

the  third  planet. 
r„  =  the  outer  radius  of  the  sphere  of  attraction  for 

the  second  planet. 
r"  =  the  inner  radius  of  the  sphere  of  attraction  for 

the  fourth  planet. 
D  =  r,  -{-  r'  rrr  Kirkwood's  diameter  of  the  third 
planet's  sphere  of  attraction. 
a 

From  these  definitions  the  value  of  D  is  thus  derived  : 
m,  m 

Ta  —772 
'//         '  / 

m m' 

^./2  J.//2 

r,^  =  a  —  a,  —  r, 
r"  =  a'  —  a  —  r' 

m    m, 

r,'^         (a  —  a,  —  r,) 

m  m' 

r'^   ~  (a'  —  a  —  r') 
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T,  |/  m,  =:  (a  —  a,  —  ?",)  |/  tn 
r'  i/  m'  =  (a'  —  a  —  r')  -j/  m 

.       /        a  —  a,      \ 
r,  =i  W  m  {  — j —  I 

(a'  —  a       \ 
|./  m'  +  1/  m/ 

D  =  {r,  +  r') 

z'       a  —  a,  I  a'  —  a       \ 

—  V  m  ^^^  ^j^  _|_  ^/  ^^  -r  y  ^^^1  _|_  ^^  ^^^J 

*' = (t)  "•  (0  "• "'  - '' '"'  (i/m;+^'».,) 


\/  m' 


'''  =  v  »-  (7^+^,) 

h'  —  W  m'  {  — — — -—  ) 

y'  m-\-  ^  m,  =  (a  —  a,)c, 
1/  m'  +  1/  m  =  (  a'  —  a)c' 

m  ==  [(a  —  a,  —  b,)c,']~ 
m  =l{a'  —  a  —  b')c'Y 

(a>  +  b,)c,  +  (g'  —  b')c' 

Computation  of  the  Value  of  the  Constant  called  x. 

If  we  use  Lcverrier's'*  mean  distances  and  masses  in  his  theory 
of  Mercury,  with  the  exception  of  Adams's^  value  ^^hxju  foi'  the 

*  Additions  a  la  Connoissance  des  Temps,  18i8, 17-26. 
B  Proceedings  R.  A.  Soc.  Vol.  IX,  pp.  159,  IGO. 
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mass  of  Uranus,  and  Hansen's  ^  periods  of  rotation,  we  find  (by 
condition  IV)  the  following  values  of 

^     .a 

Namely : 

X  r=  15.179  by  Venus. 
=r  14.811  by  Earth. 
=  15.593  by  Saturn. 

Whence,  with  double  weight  for  Saturn  : 

X  =  15.300  =  mean  value  adopted. 

2 

If  we  form  another  constant  Til  ■=.  I  ——  I    we  find 

By  Venus,  Z:' =  1.9377 
Earth,  =  1.9054 
Saturn,      =  1.9772 

From  which  it  appears  that  an  approximate  value  for  the  rotation 
times  might  be  obtained  from 


= m 


But  the  other  formula  is  preferable  ;  and  we  have 

2r       i  2-         -3-  -  -S 

0  =  —  ■  a^  =  ■  •  o.^  =1  •  a"^ 

X  15.3  7.65 

With  this  value  of  z,  using  the  data  above  mentioned,  interpo- 
lating the  a,  m,  and  0  of  the  fiftli  or  hypothetical  planet,  called 
Kirkwood,  and  three  masses,  viz. :  of  Mercury,  Mars,  and  Uranus, 
the  following  normal  elements  of  the  primary  system  are  obtained, 
in  which  all  of  the  above  four  fundamental  conditions  are  fulfilled 
for  each  middle  planet  of  five.  For  Neptune,  Mr.  W.'had  used 
his  own  value  of  the  mean  distance,  and  Prof.  Peirce's  mass  from 
Bond's  measures  of  the  elongation  of  the  satellite.  The  interpo- 
lated values  are  enclosed  in  parentheses. 

'  Schumacher's  Jahrbuch,  1837. 
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Table  of  Planetary   Elements,  conforming   rigorously  with   KirJc- 
tvood's  Analogy. 


Planet. 


Mercury''' 

Venus 

Earth 

Mars 

Kirkwood 

Jupiter 

Saturn 

Uranus 

Neptune    . 


Mean  distance. 


0.387.099 

0.723.333 

1.000.000 

1.523.691 

(2.908.511) 

5.202.800 

9.538.852 

19.182.730 

30.039.500 


Mass  in  parts 

of  the 

sun's  mass. 


V2802311/ 


401847 

1 
9354936 

V2 107404/ 

Vl353240/ 


1050 
1 
103512 

V23733/ 


1 


20000 


Sidereal    revo- 
lution in 
earth's  mean 
solar  days. 


0 


1.003.473 
0.972.917 
0.997.270 
1.025.936 

(2.406.104) 
0.385.907 
0.437.003 

(1.396.779) 


Diameter  of 

the  sphere  of 

attraction. 


If 


(0.198.122) 
0.377.908 
0.513.934 
0.778.429 
0.830.951 
5.035.373 
8.497.477 

(7.875.342) 


'  An  interpolated  planet  with  a  mean  distance  a  =  0.20  and  a  mass  of  ^739^70 

would  harmonize  with  the  above  system. 
8  This  interpolated  mass  of  Mercury  compares  with  observation  thus  :— 

1 
Leverrier's  first  mass,        .    .    .    ^  ou'j  706 

1 

Walker's  interpolated  mass,       .    2.80i.311 

1 

Leverrier's  second  mass,   . 


Encke's  value, 


3.000.000 
1 


'And  for  Mars: 


>»  And  for  Uranus: 


Buckhardt's  mass       .    . 
Walker's  interpolated  do. 


4.SU5.771 

1 

'  2.6S0.(i37 

1 

2.107.-t04 


Adamb's  mas? 


1 

•  ■    ■    '    -jK.OO 

Walker's  interpolated  mass,      .    23733 

1 

•  •    '    •    24605 

1 
Struve's  mass, ^^^ 


Lament's  mass, 
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Conclusions  from  the  above  Table. 

From  this  comparison  of  authorities,  it  appears  that  with  aconstant 
value  of  X  m  15.300,  and  with  assumed  masses  of  Mercury,  Mars, 
and  Uranus,  equally  plausible  with  those  heretofore  employed,  thea, 
m,  and  0,  of  the  fifth  or  hypothetical  planet  ma}^  be  thus  interpolated  : 
i'a=  2.908.511 
1 
1.353.240 
0  —  2.239.035 
And  then  the  system  of  nine  values  of  a,  ?)i,  and  0^  will  be  normal 
with  I'eference  to  Kirkwood's  analogy,  and  each  of  the  four  funda- 
mental conditions  (I)   (II)   (III)  and  (IV)  will  be  rigorously 
fulfilled  for  every  middle  planet  of  five. 

Mr.  Kirkwood  had  remarked  in  his  first  letter,  that  his  analogy 
required  the  assumption  of  a  fifth  planet  between  Mars  and  Jupiter. 
If  the  Geological  Section  was  allowed  the  privilege  of  restoring 
fishes,  lizards,  and  elephants,  there  was  no  reason  why  the  Phys- 
ical Section  should  not  be  permitted  to  restore  a  planet. 

Remarks  on  the  Degree  of  Constancg  of  /.. 

The  limits  within  which  it  is  possible  to  vary  the  value  of  x, 

without  making  some  of  the  interpolated  elements  inadmissible,  are 

about  one-twentieth  of  the  adopted  mean  value  of  15.300.     We 

may  therefore  conclude  that,  whether  Kirkwood's  analogy  is  or 

IS  NOT  THK  expression  OF  A  PHYSICAL  LAW,  IT  IS  AT  LEAST  THAT  OP 
A  PHYSICAL  FACT  IN  THE  MECHANISM  OF  THE  UNIVERSE.  The  quan- 
tity D,  on  which  the  analogy  is  based,  has  such  immediate  depend- 
ence upon  the  nebular  hypothesis,  that  it  lends  strength  to  the  latter, 
and  gives  new  plausibility  to  the  presumption  that  this,  also,  is  a 
fact  in  the  past  history  of  the  solai-  system. 

Such,  then,  is  the  present  state  of  the  question.  Thirty-six  ele- 
ments of  nine  planets  (four  being  hj'pothetical),  appear  to  harmo- 
nize with  Kirkwood's  analogy  in  all  the  four  fundamental  equations 
of  condition  for  each  planet. 

To  suppose  that  so  many  independent  variable  quantities  should 
harmonize  together  by  accident,  is  a"  more  strained  construction  of 


11  The  mean  distance  is  greater  tlian  that  of  the  asteroids,  except  Hygeia,  which  has 
a  =  3.1S. 
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the  premises  than  the  frank  admission  that  they  follow  a  law  of 
nature. 

If,  in  the  course  of  time,  the  h3q3othesesof  La  Place  and  Kirkwood 
shall  be  found  to  be  laws  of  nature,  the_y  will  throw  new  light  on 
the  internal  organization  of  the  planets,  in  their  present,  and  in  any 
more  primitive  state,  through  which  they  may  have  passed. 

For  instance,  we  may  compute  the  distance  p,  from  the  centre,  at 
which  any  planet  must  have  received  its  projectile  force,  in  order  to 
produce  at  the  same  time  its  double  movement  of  translation  and 
rotation.  Now  let  v  z=  the  planet's  present  angular  rotatoiy  ve- 
locity. Then,  A"  =  pm'V,  will  be  a  constant  quantity  denoting 
its  momentum  of  rotation. 

If  tiie  planet,  in  a  more  primitive  state,  existed  in  the  form  of  a 
ring  revolving  round  the  sun,  having  its  present  orbit  for  that  of  the 
centre  of  gravity  of  the  ring,  the  momentum  Kof  rotation  must,  by 
virtue  of  the  principle  of  conservation  of  movement,  have  existed 
in  some  form  in  the  ring.  It  is  easy  to  perceive  that  this  momentum 
/i  is  precisely  the  amount  which  must  be  distributed  among  tiic  par- 
ticles of  the  ring,  in  order  to  preserve  to  all  the  condition  of  dy- 
namical equilibrium,  while  those  of  each  generating  surface  of  the 
ring  were  wheeling  round  with  the  same  angular  velocit3\  It  is 
also  clear  that  this  mean  angular  velocity  must  be  that  of  the  pri- 
mary planet  in  its  orbit,  and  accenting  the  quantities  j)  and  v  for 
the  case  of  the  ring,  we  have  the  equations, 

K  :=  jymv  =  p'  m  v' 
p  —  V  —  (J  k 

p'  =Y.'^     '  P 

But  on  the  hypothesis  that  the  law  of  decrease  of  density  from 
centre  to  surface  in  the  primitive  shape  was  the  same  as  at  present, 
Let  r  =z  the  present  radius  of  the  planet ; 

R  =  that  of  the  generating  figure  of  the  primitive  ring  ; 

rr,  P'  K 

Then,  —  r=  — 

p         r 

y.  a 

And,  7i' = -•  Z)"-' •  r 

K 
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The  value  of  R  from  this  formula  comes  out  a  very  small  fraction 
of  D  for  the  small  planets,  and  nearly  equal  to  D  in  the  case  of 
Jupiter,  Uranus,  and  Saturn.  If  any  inference  can  be  drawn  from 
this  result,  it  is  unfavorable  to  the  hypothesis  that  the  primitive 
law  of  decrease  of  density  was  the  same  as  the  present. 

If  the  planets  have  really  passed  from  the  shape  of  a  revolving 
ring  to  their  present  state,  the  prevalence  of  Kirkwood's  analog}* 
shows  a  nice  adaptation  of  parts,  in  every  stage  of  the  transition. 

If  the  primitive  quantity  of  caloric(freeand  latent)had  undergone 
a  very  great  change  beyond  that  now  indicated  in  the  cooling  of  their 
crusts;  if  the  primitive  quantity  of  movement  of  rotation  had  been 
different  from  its  actual  value  for  any  planet ;  if  the  law  of  elasticity 
of  particles  for  a  given  temperature  and  distance  from  each  other 
varied  from  one  planet  to  another  in  the  primitive  or  present  states  ; 
in  either  of  these  cases,  the  analogy  of  Kirkwood  might  have  failed. 
As  it  is,  no  such  failure  is  noticed  ;  we  are  authorized,  therefore,  to 
conclude,  that  the  primitive  quantity  of  caloric, — the  law  of  elas- 
ticity,—  thequantityof  movement  of  rotation, —  the  past  and  present 
radii  of  percussion, —  the  primitive  diameter  of  the  generating  sur- 
face of  the  rings,  and  the  present  dimensions  and  density  of  the  plan- 
ets, have  been  regulated  by  a  general  law,  which  has  fulfilled  for  all 
of  them  the  four  fundamental  conditions  of  Kirkwood's  hypothesis. 

After  Mr.  Walker  had  concluded,  Mr.  George  P.  Bond  inquired 
of  Mr.  W.  as  to  the  applicability  of  his  remarks  on  primary  rings 
to  the  case  of  the  secondary  ring  in  the  system  of  Saturn. 

Mr.  W".  replied  that  in  the  case  of  the  breaking  up  of  a  primary 
ring,  the  day  of  the  new  planet  would  be  equal  to  the  year  of  the 
ring,  provided  the  new  diameter  was  the  same  as  that  of  the  gene- 
rating figure,  and  the  same  law  of  decrease  of  density  from  centre 
to  surface  was  preserved.     In  this  case  we  should  have 
K=:  rmv  r=  r'mv' 
v  =  v' 
and  therefore,  p  =:p' 

Such,  however,  is  not  the  case  in  fact  with  the  primary  planets. 
The  new  diameter  is  contracted  by  the  more  immediate  action  of  the 
central  mass,  more  than  it  is  expanded  by  the  increase  of  free 
caloric.  The  new  diameter  is,  therefore,  so  much  smaller  than  the 
primitive  2),  that  p'  is  changed  into  p  and  v',  or  the  yearly  mean 
angular  velocity,  is  changed  into  v  for  the  daily  value. 
16 
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We  may  extend  the  nebular  hypothesis  and  Kirkwood's  analogy 
to  the  secondary  systems.  If  they  are  laws  of  nature,  they  must 
apply  to  both.  In  the  secondary  S3'stems  the  day  and  month  are  the 
same.  This  fact  has  remained  hitherto  unexplained.  Lagrange 
showed  that  if  these  values  were  once  nearly  equal,  a  libration  sets 
in  round  a  state  of  perfect  equality  ;  but  he  offered  no  conjecture  as 
to  the  cause  of  the  primitive  equality.  On  the  nebular  and  Kirk- 
wood's hypothesis,  it  would  only  be  necessary  that  upon  the  breaking 
up  of  the  ring,  the  primitive  diameter  of  the  generating  figure  and 
law  of  relative  density  of  layers,  should  be  preserved,  in  order  to 
maintain  a  constant  value  of  p=:p',  and  consequently  of  v=:v' . 

Prof.  Henry  has  shown  that  the  moon,  and  probably  the  other 
satellites,  by  excess  of  radiation  above  absorption,  have  reached 
their  constant  minimum  amount  of  free  and  latent  caloric. 

Perhaps  this  is  the  very  condition  required  to  maintain  p=rp',  and 
consequently  v  =  v'.  In  this  case  we  may  conclude  that  p  had 
exceeded  p'  immediately  after  the  breaking  of  the  ring,  and  only 
arrived  at  a  state  of  equality  by  the  loss  of  caloric  from  radiation. 

After  this  reply  of  Mr.  W.,  Mr.  S.  W.  Roberts,  of  Philadelphia, 
remarked  that  few  subjects  had  been  brought  before  the  Association 
possessing  equal  interest  for  the  cultivators  of  ph3'sical  science. 

Prof.  Henry  said  that  he  had  listened  with  admiration  to  this 
communication.  He  then  made  some  further  remarks  on  the  origin 
of  the  primitive  state  of  matter  called  the  nebular  hypothesis,  and 
on  the  gradual  diminution  of  the  primitive  quantity  of  caloric  from 
excess  of  radiation  over  absorption. 

Prof.  Peirce  remarked  that  Kirkwood's  analogy  was  the  only  dis- 
covery of  the  kind  since  Kepler's  time,  that  approached  near  to  the 
character  of  his  three  physical  laws.  Bode's  law,  so  called,  was  at 
best  only  an  imperfect  analogy.  Kirkwood's  analogy  was  more 
comprehensive  and  more  in  harmony  with  the  known  elements  of  the 
system.  The  diameter  of  the  sphere  of  attraction,  a  fundamental 
element  in  this  analogy,  now  for  the  first  time  gave  an  appearance 
of  reality  to  Laplace's  nebular  hypothesis,  which  it  never  had  before. 
The  positive  testimony  in  its  favor  would  now  outweigh  the  former 
negative  evidence  in  the  case,  however  strong  it  ma^'  have  been. 
It  follows  at  least  from  Kirkwood's  analog}',  that  the  planets  were 
dependent  upon  each  other,  and  therefore  connected  together  in 
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their  origin,  whatever  ixiay  have  been  the  form  of  the  connection, 
whether  that  of  the  nebular  hj'pothesis,  or  some  other  not  yet  im- 
agined. 


On  the  Phenomena  attending  the  Disappearance  of  Saturn's 
Rings.     By  Mr.  George  P.  Bond. 

[Not  received.] 


A  New   Demonstration   of   the   Parallelogram   of   forces. 
Br  Prof.  Benjamin  Peirce. 


[Not  received.] 


A   New  Demonstration   of   the   Parallelogram   of   forces. 
By  Mr.  J.  D.  Oliver. 

[Not  received.] 

These  communications  were  followed  by  a  discussion,  in  which 
Professors  Bache,  Peirce,  and  Henry,  joined. 
Adjourned. 

B.  A.  GOULD.  Jr.,  Secretary. 


Fifth  Day,  August  18,  1849. 
SECTION  OF  CHEMISTRY,  MINERALOGY,   AND   METEOROLOGY. 

J.  H.  WuRTz  was   called  to  the  chair,  and  E.  N.  Horsford 
appointed  Secretary. 

On  some  experimental  Determinations  of  the  Economic  Values 
OF  British  and  American  Coals,    By  Prof.  W.  R.  Johnson. 

Prof.  Johnson  alluded  to  the  former  labors  of  Lavoisier,  Rumford, 
Dulong,  Parkes,  Manby,  Schaufhautl,  Fyfe,  and  others  in  Europe, 
and  to  those  of  Bull,  Dana,  Francis,  Hayes,  and  Stevens,  in  this 
country,  as  instances  of  the  talent  and  industry  which  had  been 
applied  to  the  determination  of  the  law  of  heating  power  in  combus- 
tible bodies. 

He  briefly  recapitulated  the  circumstances  which  led  to  the  under- 
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taking  of  a  series  of  researches  on  American  coals,  in  1842,  pointed 
out  the  necessities  of  the  naval  service  and  the  other  great  interests 
of  the  countiy,  which  had  induced  the  authorities  at  Washington 
to  enter  into  this  most  important  research,  and  mentioned  the  ex- 
tension then  given  to  the  inquiry. 

When  the  Report  on  American  Coals  reached  England,  in  1845, 
a  copy  was  sent  by  Hon.  Joseph  Hume,  M.  P.,  to  the  Lords  of  the 
Admiralty,  with  a  suggestion  that  a  similar  examination  should  be 
made  of  the  coals  of  England,  Scotland,  and  Ireland.  Their  lord- 
ships promptly  responded  to  this  wish,  and  called  on  Sir  Henry  de 
la  Beche  and  Dr.  L3'on  Playfair,  to  undertake  the  investigation. 
After  a  labor  of  two  years  and  a  half,  employed  in  testing  and 
analyzing  the  coals,  their  report  was  rendered  in  January,  1848. 

By  means  of  this  report  on  British  coals,  and  of  his  own  on  Ameri- 
can coals,  Prof.  Johnson  was  enabled  to  institute  a  series  of  compari- 
sons not  only  between  the  several  classes,  but  in  some  cases  directlj'^ 
between  individual  samples  of  the  coals  of  the  two  countries,  having 
a  similar  constitution,  and  apparently  the  same  ph3-sical  character. 
The  number  of  samples  of  fuel  tested  at  Washington,  in  1843,  was 
forty-five;  and  the  time  devoted  to  the  whole  investigation,  one  year 
and  eight  months  ;  the  number  tried  at  London  was  thirty-one.  Of 
the  American  trials,  eight  were  upon  anthracites,  ten  were  free-burn- 
ing, semi-bituminous  coals  of  Pennsylvania  and  Maryland  ;  few  highly 
bituminous  coals  of  Eastern  Virginia  ;s("x  similar  bituminous  coals  of 
England,  Scotland,  and  Nova  Scotia  ;  ttvo  western  bituminous  coals  ; 
one  was  on  ''natural  coke"  of  Virginia,  ^t(;o  on  artificial  cokes,. two 
on  mixtures  of  anthracite  and  bituminous  coal,  and  o?ie  on  pine  wood. 

Of  tlie  British  series,  ttvo  were  anthracites,  ten  ^  were  free  burn- 
ing coals  of  Wales,  eight  highly  bituminous  coals  of  Wales  (re- 
sembling those  of  Eastern  Virginia),  two  English,  and^re  Scotch 
coals  of  high  bituminousness  ;  three  were  patent  fuels,  and  07ie  was 
wood,  —  species  not  stated. 

The  evaporating  vessels  used  intheAmericanandin  the  British  re- 
searches were  different  in  construction.  Prof.  J.  had  used  a  cylindri- 
cal boiler,  thirty  feet  in  length,  three  and  a  half  feet  in  diameter, 
having  two  interior  return  flues,  each  one  foot  in  diameter,  and  side 
flues  exterior  to  the  boiler,  by  means  of  which  the  gases  went  com- 
pletely round  the  boiler,  after  returning  through  the  interior  flues, 

'The  Welsh  coals  compared  are,  the  Graigola.Oldcastle  flery  vein,  Ward's  fiery  vein, 
Binea,  Llangenneck,  Duffrjn,  Wynydd,  Newyd.Resolven,  Bedwas,  and  Ebbw  Vale. 
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making  the  entire  length  of  circuit  for  the  products  of  combustion, 
from  the  centre  of  the  grate  to  their  entrance  into  the  chimney,  121 
feet  up.  The  grate  surface  was  16^^  square  feet,  tiie  area  of  heat- 
absorbing  surface  was  377^  square  feet ;  so  tliat  the  ratio  of  grate 
surface  to  absorbing  surface  was  as  1  to  23i.  The  chimney  was 
63  feet  high  with  a  cross  section  of  324  square  inches.  The  fire 
was  built  beneath  the  boiler. 

The  British  Commissioners  used  a  boiler  of  the  Cornish  form, 
twelve  feet  long  and  four  feet  external  diameter,  having  an  interior 
flue  two  feet  in  diameter,  witliin  which  the  fire  was  built.  The  pro- 
ducts of  combustion  having  traversed  this  flue,  returned  in  a  divided 
current  through  side  flues  exterior  to  the  boiler,  and  finally  in  a 
united  current  passed  under  the  boiler  to  the  chimney,  making  a  cir- 
cuit of  36  feet  in  length.  The  heat-absorbing  surface  was  197.6 
square  feet,  the  area  of  grate,  five  square  feet,  and  the  ratio  of  grate 
surface  to  absorbing  surface  1  to  39^.  The  chimne}^  was  35i  feet 
high,  and  had  a  cross  section  of  182J  square  inches.  The  amount 
of  coal  burned  during  the  whole  series  of  144  trials  at  Washington, 
was  62i  tons  ;  that  consumed  in  the  82  trials  at  London  was  14^ 
tons  ;  the  average  weight  of  coal  burned  at  one  trial,  in  the  former 
case,  being  978  pounds,  and  in  the  latter,  39 1^  pounds. 

The  shape  of  the  Cornish  boiler  gives  rise  to  an  inequality  of  tem- 
perature of  the  water  in  its  various  parts.  The  actual  difference 
between  the  surface  and  the  bottom  water  average  70°  (Brit.  Rep. 
p.  6 )  and  compelled  the  experimenters  to  adopt  the  expedient  of 
pumping  the  cooler  water  from  the  bottom  through  a  scries  of  pipes 
into  the  upper  part  of  the  boiler,  whenever  it  became  necessary 
to  get  the  mean  temperature  of  water  in  the  boiler. 

In  both  the  American  and  the  British  trials,  the  economic  weight 
of  all  the  samples  tested,  was  determined  by  measuring  them,  not 
in  bushels,  but  in  cubic  feet,  and  the  relation  of  the  economic 
weight  to  the  specific  gravity  of  the  coal,  as  found  in  the  mine,  has 
been  ascertained  for  each  sample.  This  determination  had  enabled 
Prof.  J.  to  give  in  his  tables  the  cubic  space  required  for  the  stowage 
of  a  gross  ton  of  each  kind  of  coal.  He  had  ascertained  this  for  the 
coals  as  received,  and  in  their  ordinary  marketable  condition  as  to 
the  size  of  the  lumps.  The  British  Commissioners,  on  the  contrary, 
produced  an  artificial  economic  value  by  breaking  every  kind  of  coal 
up  before  weighing,  into  fragments  so  small  that  no  piece  should 
weigh  more  than  one  pound.     This  treatment  caused  nearly  every 
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sample  to  exhibit  a  higher  economic  weight  than  it  would  have 
done  had  it  been  weighed  in  the  marketable  state — that  state  in 
which  it  is  usually  put  on  board  of  steam  vessels. 

Having  determined  the  weight  of  a  cubic  foot  of  coal  b}^  direct 
experiment,  and  also  the  weight  of  water  which  a  pound  of  each 
coal  would  convert  into  steam  at  212°,  Prof.  J.  had  computed  and 
given  in  his  report  to  the  Navy  Department  (Senate  Document, 
386,twent3' -eighth  Congress,  first  session)  the  weight  of  water  which 
one  cubic  foot  of  each  coal  would  convert  into  steam  from  212°,  and 
had  made  this  the  basis  of  his  fifth  table  of  ranks.  (Report,  p.  594.) 

By  breaking  up  their  coals  to  the  degree  of  fineness  above  men- 
tioned, and  thereby  giving  them  an  artificial  economic  weight,  the 
British  Commissioners  have  obtained,  in  nearly  every  case,  greater 
quantities  of  steam  per  cubic  foot  of  coal  than  were  given  by  analo- 
gous coals  in  the  American  trials.  Thus  the  free-burning  coals  of 
Wales,  whicli  are  analogous  to  those  of  Maryland  and  Pennsylvania, 
have  an  average  specific  gravity  of  1.31,  while  their  American  con- 
geners have  1.357,  or  the  latter  are  3^  per  cent,  heavier  in  the 
mine,  than  the  former  ;  3'et  tlie  twelve  American  free-burning  coals, 
weighed  in  the  marketable  state,  exhibited  52.84  pounds  per  cubic 
foot,  and  the  ten  Welsh,  free-burning  coals,  54.45  pounds.  Adding 
to  this  latter  weight  3J-  per  cent,  for  the  greater  specific  gravity  of 
the  American  coals,  we  have  56.35  pounds,  as  the  weight  of  one  cubic 
foot  of  them,  if  prepared  by  breaking  up,  in  the  wa}^  above  described. 
The  above  weight  of  54.45  pounds  of  British  coals  gave  an  average 
of  543  pounds  of  steam  ;  and  the  52.84  pounds  of  American  coal 
gave  510.35  pounds  of  steam.  At  this  rate,  56.35  pounds  of  the 
same  coal  gave  544.2  of  steam,  showing  the  economic  values,  bulk 
for  bulk,  of  the  two  coals  in  that  state  to  be  almost  identical. 

By  compariug  about  twenty  diff"erent  samples  of  American  with 
the  same  number  of  British  coals  having  corresponding  specific  grav- 
ities, it  is  rendered  highly  probable  that  by  the  trea,tment  to  which 
their  coals  were  subjected  by  the  British  Commissioners  (that  is 
by  breaking  them  up  into  fragments  so  small,  that  no  piece  should 
weigh  more  than  a  pound),  any  given  space  is  made  to  receive,  on 
an  average,  lOj^.j  per  cent,  more  weight  than  when  the  same  coals 
are  measured  in  their  marketable  state  and  without  this  artificial 
preparation.  As  a  guide  to  practice  these  artificial  economic 
weights  must  prove  fallacious,  uuless  the  steamships  can  be  brought 
to  the  adoption  of  the  same  standard  for  the  size  of  their  coals. 
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It  was  remarked  that  though  the  British  Commissioners  determined 
the  quantity  of  moisture  in  the  coals  upon  which  the}^  experimented, 
the}^  made  no  account  of  the  results  in  their  computation  of  heating 
power.     This,  Prof.  J.  regarded  as  objectionable,  especially  where 
the  moisture  amounted  to  so  great  a  quantity  as  that  given  in  some 
of  the  analj'ses.     Thus  of  the  two  Dalkeith  Scotch  coals,  that  which 
came  from  the  "Jewel  seam"  contained  9.36  per  cent  of  moisture, 
and  evaporated  only  7.08  pounds  of  water  from  the  boiler  per  pound 
of  coal,  while  that  from  the  "  Coronation  seam  "  gave  but  5.88  per 
cent  of  moisture,  and  evaporated  7.71  pounds  of  water  from  the 
boiler.     In  both  cases  thishygroraetric  water  replaced  so  much  coal, 
Avhen  weighed  out  to  the  fireman,  and  for  that  reason  was  to  be  de- 
ducted from  the  weight,  in  order  to  get  the  actual  weight  of  coal 
burned.     Besides  this,  as  so  much  water  was  thrown  upon  the  grate 
to  be  evaporated,  instead  of  being  put  into  the  boiler  for  thatpurpose, 
for  this  reason  also  it  must  be  regarded  as  having  been  deducted 
from  the  useful  effect  of  the  fuel.     Consequently,  the  weight  of  coal 
must  in  each  case  be  reduced  by  the  percentage  of  its  moisture,  and 
the  weight  of  water  considered  as  delivered  to  the  boiler,  must  be 
increased  by  a  like  percentage  of  the  weight  of  coal  burned,  to  get 
the  relative  values[of  the  two  fuels  in  like  states  of  dryness.     If  we 
deduct  the  w-eight  of  ash  in  each  of  these  two  coals,  from  100,  we 
get  the  combustible,  including  moisture,  =  95.63  and  96.90  ;  and 
computing  the  steam  for  one  pound  of  this  combustible  matter,  we 
get  7.40  and  7.95,  of  which  the  difference  is  0.55  pound,  or  7.4  per 
cent  of  the  smaller  number.     If  again  we  deduct  the  percentage  of 
moisture  in  each  coal,  from  that  of  the  combustible,  we  obtain  86.27 
and  91.02  as  the  true  relative  quantities  of  dry  combustible  in  each 
variety,  and  adding  to  the  weight  of  water  evaporated  from  the  boiler 
by  each  pound  of  the  moist  combustible,  the  weight  of  moisture  which 
itevaporated  from  the  body  of  the  coal  itself,  we  obtain  7.17and  7.76 
as  the  respective  amounts  evaporated  per  pound  of  moist  coal ;  and 
as  these  quantities  were  evaporated  by  .86  and  .91  of  a  pound  of  dry 
combustible  matter,  we  obtain  as  the  evaporative  efiflciency  of  one 
pound  of  such  combustible,  8.37  and   8.53,  or  the  difference  is 
reduced  to  ^Vo  of  a  pound  of  water  to  each  pound  of  combustible, 
which  is  2.6  per  cent  only  of  the  smaller  number.     This  difference 
may  be  accounted  for  by  the  difference  in  the  composition  of  the  dry 
combustible  of  the  two  varieties  of  coal.     In  tlie  Jewel  seam,  the 
fixed  carbon  was  to  the  volatile  combustible  as  1.11  to  1,  while  in  the 
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Coronation  seam  it  was  as  1.24  to  1.  This  greater  evaporative 
efficiency  among  bituminous  coals,  in  proportion  as  the  ratio  of 
their  fixed  to  their  volatile  combustible  material  is  higher,  is  a  gen- 
eral truth,  established  as  well  by  the  British  as  by  the  American 
experiments.  It  was  fully  brought  out  in  the  report  on  American 
coals.  The  comparison  of  any  number  of  the  bituminous  coals 
differing  essentially  from  each  other  in  the  amount  of  their  volatile 
constituents,  will,  whether  drawn  from  the  American  or  the  British 
tables,  be  found  to  confirm  this  general  conclusion. 

Thus  the  ratios  of  fixed  to  volatile  combustible  matter,  and  the 
evaporative  power  of  the  whole  of  the  combustible  matter,  will  be 
seen  by  the  following  comparisons,  of  which  the  first  is  from  the 
American,  and  the  second  from  the  British  trials. 

American  Experiments. 

Ratio  of  fixer!  to  vola-       Evaporative 
tile  matter.  power. 

1.  Scotch  Coal,       ....           1.257  7.72 

2.  Newcastle  Coal,      ....       1.600  9.18 

3.  Virginia  Midlothian   (new  shaft),            1.680  9.75 

4.  Cumberland  (Atkinson &Templeman), 4. 940  11.62 

British  Experiments. 
I.Scotch    (Dalkeith,  Jewel  seam),     .       1.112  7.42 

2.  Broom  Hill  (not  far  from  Newcastle),    1.780  8.96 

3.  Cwmfrwd  Rock  Vein  (Welsh),  .         2.08  9.07 

4.  Ebbw  Vale  (Welsh),  .         .  3.59  10.53 
The  same  point  might  be  illustrated  b}-  numerous  other  examples 

from  both  reports. 

Prof.  J.  noticed  with  approbation  the  determination  bj'  the  British 
Commissioners  of  the  relative  cohesive  powers  of  the  several  coals, 
or  their  power  to  bear  transportation  ;  also  their  experiments  and 
computations  to  ascertain  the  quantity  of  ammonia,  and  of  its  sul- 
phate,Which  would  be  yielded  by  the  destructive  distillation  of  each 
coal,  lie  recurred  to  the  fact  that  the  American  experiments  had 
remained  to  the  present  time  incomplete,  for  want  of  the  appropria- 
tions necessary  for  carrying  them  on,  only  a  part  of  the  coals  having 
been  submitted  to  ultimate  analysis,  and  to  a  determination  of  their 
suli)hur,whilethe  British  experimentershad  been  enabled  to  execute 
complete  series  of  ultimate  analyses,  ascertain  the  proportion  of  sul- 
phur, and  give  the  proportions  of  carbon,  hydrogen,  nitrogen,  oxygen, 
sulphur,  moisture,  and  ash,  for  every  sample  of  coal.     He  men- 
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tioned,  as  highly  interesting  to  steam  navigation,  the  trials  they 
have  made  of  several  patent  fuels,  by  which  they  proved  that  some 
of  those  fuels  contain  a  mucli  greater  evaporative  power  under  a 
given  bulk  than  any  of  the  coals  in  their  ordinary  mechantable 
state.  This  was'  illustrated  by  a  comparison  between  "Warlich's 
patent  fuel,  of  which 

lbs.  of  steam 

One  cubic  foot  gave         .         .         .  715.35 

And  Ward's  Fiery  Vein  Coal,      .         .       608.78  (a  maximum.) 
And  Dalkeith's  Jewel  seam,     .         .  352.58  (a  raimimum.) 

He  also  noticed  that  the  coefficient  of  Regnault  had  been  adopted 
by  the  British  Commissioners  for  computing  the  latent  heat  of  the 
vapor  of  water,  and  stated  the  tendency  of  this  coefficient  to  bring 
out  a  higher  calculated  calorific  efficiency  than  that  which  would 
be  givenby  the  coefficient  directly  determined  by  his  own  researches. 
He  observed  that  they  had  employed  a  part  of  the  coal  burned  in 
giving  temperature  to  the  boiler,  its  contents  and  the  brickwork  of 
its  setting,  and  a  part  in  generating  steam,  instead  of  heating  up  the 
boiler  and  the  furnace  with  wood,  and  then  using  the  whole  heating 
power  of  the  coal  to  generate  steam  ;  thus  complicating  considera- 
bly the  calculations.  In  computing  the  effect  of  that  part  of  the 
fuel  which  is  used  in  heating  up  the  water  in  the  boiler,  they  have 
not  included  that  expended  on  the  boiler  itself,  which,  from  its  con- 
siderable weight  and  high  specific  heat,  might  reasonably  require 
an  allowance.  As  the  experiments  on  American  coals  were  com- 
menced with  furnace,  boiler,  and  contents,  all  at  normal  temper- 
ature, such  an  allowance  was  not  required. 

Though  the  British  Commissioners  have  made  experiments  on  the 
gases  of  the  chimney,  they  have  not  used  them  to  ascertain  how 
much  of  the  whole  heat  developed  was  expended  on  those  gases. 
They  came  to  a  conclusion  in  regard  to  the  oxygen  remaining  uncon- 
sumed  in  the  gases,  identical  with  that  previously  reached  by  the 
American  researches,  viz.,  that  in  ordinary  steam-boiler  furnaces  of 
good  construction,  the  oxygen  which  has  not  been  consumed  is  from 
one-fourth  to  one-half  of  the  whole  quantity  originally  in  the  air. 
The  temperature  compared  with  the  observed  bulk  and  weight  of 
water  in  a  boiler  has  been  reexamined  b}'  Messrs.  De  la  Beche  and 
Playfair,  and  as  far  as  they  go  their  results  confirm  essentially  those 
of  Prof.  J.  These  analogous  results  are  found  at  page  13  of  the 
American  Report,  and  page  53  of  the  British  Report.     From  the 
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different  requirement  of  their  experiments,  theBritish  Commission- 
ers extended  their  temperatures  onl}' from  70°  to  212°,  while  the 
American  reached  from  66°  to  230°. 

The  expansion  of  water  in  the  supply  tank  was  examined  by 
Prof.  J.  between  58  and  90  degrees  ;  by  the  British  Commissioners 
between  40  and  80  degrees. 

The  average  heating  powers  computed  from  their  experiments  by 
the  British  Commissioners  agree  very  closely  with  the  averages  for 
corresponding  classes  of  coals  given  at  Washington.     Thus  by  the 

American  Experiments. 

Ten  anthracites  gave  steam  to  1  of  coal,     .         .         .  9.56 

Eleven  Pennsylvania  and  Mar3dand  free  burning  coals,  9.68 

One  Newcastle  coal,         ......  8.65 

Ten  Virginia  bituminous  coals,     .....  8.48 

Four  Liverpool  and  Nova  Scotia,         .         .         .         .8.18 

Three  Scotch  and  Western,              ....  7.49 


Mean  of  6  averages,         ....  8.66 

British  Experiments. 

Two  anthracites  gave  steam  to  1  of  coal,     .         .,        .  9.65 

Ten  Welsh  free  burning  coals,         ....  9.58 

One  Broomhill,             .         .         .         .    ■     .         .         .  8.75 

One  Forest  of  Dean, 8.52 

Eight  Welsh  bituminous,    ......  8.00 

Five  Scotch, 7.64 


Mean  of  6  averages,         ....        8.69 
The  pine  wood  used  at  Washington  gave  4.69  ;  the  wood,  of  in- 
ferior quality,  used  at  London,  gave  3.10. 

One  of  the  great  purposes  of  researches,  such  as  are  now  under 
consideration,  is  to  afford  information,  not  merely'  with  respect  to 
particular  samples  of  coal  tested,  but  on  the  general  laws  of  calorific 
efficiency,  whereby  we  may  be  enabled  to  establish  tests  of  easy 
application,  in  place  of  the  laborious  operations  involved  in  the  pro- 
duction of  steam,  on  a  large  scale.  It  was  for  this  purpose  that  in 
the  American  experiments  several  ultimate  anaWses  had  been 
performed,  the  general  results  of  which  are  found  at  page  586 
of  the  American  Report ;  and  for  a  like  purpose  were  made  all  the 
experiments  on  burning  coals  with  litharge  (Report,  p.  585),  and 
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those  on  the  composition  and  character  of  the  gases  passing  to  the 
chimney  (pp.  561-581).  In  order  to  make  a  strict  comparison  of 
the  total  calorific  efficiencies  of  different  fuels,  we  must  know  what 
part  of  their  heating  power  they  respectively  expend  on  the  evapo- 
rating vessel,  and  what  part  on  the  gaseous  products  of  combustion, 
—  it  being  well  ascertained,  that  coals  of  different  constitutions  are 
liable  to  vary  considerably  from  each  other,  in  the  proportion  of  their 
eff'ective  or  useful,  and  their  ineffective  expenditures  of  heat.  By 
a  comparison  among  six  different  bituminous  coals  of  the  computed 
heating  power  of  their  carbon  alone,  as  ascertained  by  ultimate 
analysis,  with  their  practical  heating  power,  as  applied  to  both  the 
boiler  and  the  products  of  combustion,  the  most  exact  and  striking 
conformity  had  been  found  between  their  pei'centage  of  carbon  and 
their  relative  calorific  efficiencies.  The  computations,  for  which  the 
data  are  found  in  the  American  Report,  have  been  published  in  the 
Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia 
(Vol.  II,  p.  204).  As  the  British  Commissioners  have  given  ulti- 
mate analyses  of  all  their  coals,  it  is  practicable  to  compare  the 
carbon  constituent  of  every  sample  with  its  heating  power,  as  ex- 
pended on  the  boiler,  but  not  on  the  gases  of  combustion.  The 
proofs  of  this  law,  furnished  by  the  American  and  British  experi- 
ments respectively,  are  as  follows  : 

American  Experiments. 
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Newcastle.  Eng. 
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British  Experiments. 

Coals  arranged  in  theoidev 
of  their  percentafre  of  car- 
bon, beginning  with  those 
having  the  least. 

Carbon     per 
cent  by  analy- 
sis for  the  set. 
Mean. 

steam  to  1  of 

coal  from  212° 

by  cxiieri- 

ment. 

Mean. 

steam    to  I  of 
coal   from  212° 
by    calculation 
from     percent- 
age of  carbon. 

Difference 
between    ex- 
periment and 
calculation. 

Ist  set  of  4  samples 

74.15 

7.78 

8.03 

—.25 

2cl       "      4       " 

76.63 

8.35 

8.27 

+.08 

3d       "      4       " 

79.67 

8.65 

8.60 

+.05 

4th     "      5       " 

81.06 

8.89 

8.75 

+  .14 

5th     "      4       " 

85.68 

9.17 

9.25 

—.08 

6th     "      4       " 

88.12 

9.50 

9.51 

—.01 

7th     "      4       " 

89.99 

9.75 

9.75 

(Standard  of 

comparison.) 

All  these  samples  from  the  British  Report  were  arranged  in  strict 
conformity  with  their  carbon  constituent,  and  then  merely  divided 
into  groups  or  sets,  as  stated  in  the  table. 

Comparisons  had  also  been  made  of  the  practical  efficiency  of  the 
coals  as  given  by  experiments  under  the  steam  boiler,  with  their  cal- 
culated heating  powers  as  determined  both  by  the  method  of  Ber- 
thier, — that  of  burning  them  in  contact  with  litharge, — and  b}'  com- 
puting from  ultimate  analysis  the  sum  of  the  heating  powers  of 
their  hydrogen  and  carbon  constituents.  Neither  of  these  latter 
methods  gives  results  so  nearly  in  accordance  with  practice,  as  that 
which  has  its  basis  in  the  carbon  constituent  alone.  Still  less  does 
that  method  which  makes  heating  power  depend  only  ow  fixed  car- 
bon. Until  some  proof  to  the  contrary  shall  have  been  elicited  by 
future  experiment,  we  must  still  continue  to  regard  the  total  amount 
of  car6on,  ho\\\  fixed  and  volatile.,  as  the  true  index  of  calorific  effi- 
ciency, whether  in  bituminous  coals  or  anthracites. 

In  concluding  their  report  the  British  Commissioners  suggest  for 
consideration,  that  these  experiments  may  be  extended  to  the  coals 
of  other  districts  than  those  already  embraced,  and  that  for  this 
purpose  the  needful  expenditure  be  sanctioned  for  one  or  two  years 
more.  Should  this  be  done,  they  express  the  belief  that  "a  most 
important  body  of  information  would  be  accumulated,  alike  impor 
tant  to  the  naval  service  and  to  the  public  at  large." 

A  similar  statement  had  been  made  five  years  ago  in  concluding 
the  report  then  rendered  on  American  coals.  At  the  time  that  repre- 
sentation was  made,  the  extent  and  importance  of  our  American  coal 
fields  were  little  understood  or  appreciated,  and  the  value  of  direct 
and  careful  determinations  of  the  irrespective  heating  powers,  was 
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far  less  highly  prized  than  at  present.  They  are  now  desired  and 
solicited  with  great  eagerness.  Prof.  J.  pointed  out  the  necessity 
which  still  exists  for  an  extensive  and  thorough  research,  in  order  to 
give  the  coal  fields  of  the  United  States,  not  embraced  in  the  first 
series  of  experiments,  the  same  advantages  of  a  close  investigation, 
which  had  been  in  part  afforded  to  those  ease  of  the  Alleghany 
mountains. 

He  indicated,  as  among  those  which  yet  await  the  practical  and 
chemical  tests,  the  coals  of  western  Pennsylvania  and  Virginia,  those 
of  Kentucky  and  Tennessee,  of  Ohio,  Indiana,  Illinois,  Iowa,  Mich- 
igan, and  Missouri,  of  North  Carolina,  Georgia,  Alabama,  Arkansas, 
and  Texas. 

The  navigation  of  the  Gulf  of  Mexico,  and  the  Caribbean  Sea, 
that  of  the  Northwestern  Lakes,  in  all  their  extent,  and  that  of  the 
Western  Rivers,  in  all  their  ramifications,  is  destined  to  be  con- 
ducted almost  wholly  by  the  aid  of  steam  generated  by  coal.  Met- 
allurgic  operations  of  vast  magnitude  will  continue  to  be  carried  on 
by  the  aid  of  fossil  fuel,  and  no  other  than  the  most  thorough  and 
exact  determination  of  the  relative  values  of  the  difterent  sorts  of 
coal,  will  suffice  as  an  enlightened  guide  to  those  who  shall  here- 
after engage  either  in  arts  or  in  navigation. 

Prof.  J.  in  conclusion,  noticed  the  fact  that  the  British  Commis- 
sioners had  instituted  no  comparisons  between  the  results  of  their 
own  labors  and  those  of  others  ;  which  might  possibly  account  for 
their  omitting  all  mention  of,  or  allusion  to,  the  American  researches 
except  by  prefixing  to  their  report  the  letter  of  Mr.  Hume.  But  he 
expressed  the  hope,  that  though  this  omission  is  not  without  prece- 
dent among  our  scientific  brethren  on  the  other  side  of  the  water, 
the  cultivators  of  science  in  America  would  not  regard  it  as  an  ex- 
ample for  imitation,  and  that  while  pursuing  with  zeal  the  career 
of  scientific  usefulness,  they  would  be  as  ready  to  acknowledge  the 
labors  of  others,  whetiier  at  home  or  abroad,  as  to  claim  due  credit 
and  consideration  for  their  own. 


Leucine  and  its   Homologous   Relations,  with  some  Critical 
Remarks  upon  the  Late  Researches  of  Mr.  Wurtz.     By 
T.  S.  Hunt. 
In  January,  1848, 1  published  a  notice  in  the  American  Journal  of 

Science,  on  the  nature  of  this  body,  in  which  I  showed  that  the  form- 
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ula  of  Mulder,  C].2  Hjo  NO4,  was  inadmissible,  and  suggested  that 
it  is  a  horaologueof  Glj'cocoll,  and  corresponds  to  the  sulphuretted 
alkaloid  of  Liebig  and  Wohler,  named  b}-  them  Thialdine.  I  there- 
fore proposed  for  it  the  formula  Cy,  H13  NO4  HNO4.  The  sarcosine 
of  Liebig  is  equally  a  homologue,  and  these  three  form  as  yet  the  only 
known  members  of  a  group  of  alkaloids,  whose  general  formula, 
adopting  the  above  equivalents,  is  (C2  H2  )"  • 

M.  Cahours,  in  the  September  following,  and  more  recentl}'  MM.- 
Gerhardt  and  Laurent  published  papers  upon  the  subject,  with  nu- 
merous analyses  of  this  body  and  its  compounds  with  nitric  and  hy- 
dro-chloric acids,  showing  the  homology  already  mentioned,  and 
completely  establishing  the  truth  of  the  formula  above  given  ;  they 
seem,  however,  to  have  been  unacquainted  with  any  previous  an- 
nouncement. 

M.  Laurent  had  previously  shown  that  Glycocoll  was  to  be 
regarded  as  the  amid  of  an  acid  which  is  C4  H4  Og.  This  acid  is 
the  homologue  of  the  carbonic,  and  sustains  the  same  relation  to 
the  acetic  acid  as  that  does  to  the  formic.  Hence,  Glycocoll,  as  the 
monamid  of  a  bibasic  acid,  is  itself  an  acid  amid,  and  capable  of 
exchanging  an  equivalent  of  hydrogen  for  a  metal,  at  the  same  time 
that  it  plays  the  part  of  an  alkaloid,  which  double  function  has  been 
fully  established  by  the  researches  of  Prof.  Horsford.  The  nitrate 
of  Glycocoll  is  equally  monobasic,  in  accordance  with  M.  Gerhardt's 
law  of  saturation. 

This  new  group  is  isomeric  with  the  amethanes  of  M.  Dumas, 
Glycocoll  with  urethylane,  sarcosine  with  urethane,  etc.,  and  M. 
Wurtz,  in  his  researches  on  the  Cyanic  Ethers,  has  recently'  made 
known  some  other  new  substances  which  are  intimately  related  to 
these.  I  have  shown,  some  time  since,  that  water  is  to  be  regarded 
as  homologous  with  the  alcohols,  and  that  consequently  the  ethers 
are  homologues  of  their  parent  acids,  and  M.  Wurlz  has  found  that 
as  C3'anic  acid  3ields  with  ammonia  formic  urea,  the  cyanic  ethers 
of  wood  and  wine  alcohols,  b}'  a  similar  reaction,  give  rise  to  the 
ureas  of  the  acetic  and  metacetic  series.  With  water,  these  ethers 
are  decomposed  in  a  i^eculiar  manner ;  two  equivalents  reacting 
with  two  of  water,  evolve  two  of  carbonic  acid  gas  and  new  crys- 
talline substances,  which  are  identical  in  composition  with  the  ureas 
of  the  acetic  and  valerianic  families  and  are  their  isomercs,  probably 
related  to  them  as  the  Glycocolls  are  to  the  amethanes.  The  Gly- 
cocolls  being  monamids,  the  new  bodies  of  Wurtz  are  equally  tJie 
binamids  of  their  peculiar  acids. 
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The  further  investigations  of  Wiutz  show,  that  while  urea,  in  the 
presence  of  a  solution  of  potash,  is  decomposed  into  a  carbonate 
and  two  equivalents  of  ammonia,  the  acetic  and  metacetic  ureas 
give  rise  to  one  equivalent  of  ammonia,  and  one  of  a  new  alkaloid  ; 
these  are  respectivel}'  C2  H5  N  and  C4  H7  N,  and  are  consequently 
the  homologues  of  ammonia. 

There  are  reasons  for  supposing  that  while  the  ureas  are  double 
amids  of  ammonia  and  its  new  homologues  with  carbonic  acids,  the 
isomeres  of  Wurtz  are  double  araids  of  two  equivalents  of  am- 
monia, with  their  corresponding  acids,  and  in  the  same  manner 
the  amethanes  are  probably  the  amids  of  the  higher  alkaloids,  while 
the  Glycocolls,  which  yield  only  ammonia,  by  the  action  of  pot- 
ash, confirm  the  character  already  ascribed  to  them.  Thus  re- 
garded, these  otherwise  so  perplexing  isomerisms  present  no 
longer  difficulties,  and  appear  related  precisely  as  the  acetic  me- 
thylic  and  formic  ethylic  ethers.  It  follows,  also,  that  there  can- 
not exist  a  homologue  of  urea  in  the  first  family,  where  the  tM'o 
groups  are  confounded,  and  farther,  that  as  we  rise  in  the  organic 
scale,  by  the  existence  of  new  alkaloids  isomeric  with  ammonia, 
the  number  of  possible  isomeres  in  these  groups  is  greatly  increased. 

This  paper  gave  rise  to  an  animated  discussion,  in  which  Prof. 
HoRSFORD,  Dr.  LiNCK,  Dr.  Bache,  and  Prof.  J.  B.  Rogers  took  part. 


On  the  Mineral  Waters  of  Canada.     By  T.  S.  Hunt. 
[Not  received.] 


Note  on  Soda  in  the  Ashes  of  Anthracite  Coal.     By  Prof. 

E.  N.    HoRSFORD. 

It  has  been  suggested,  in  a  paper  read  before  the  American  Acad- 
emy, and  subsequently  published  in  Silliraan's  Journal,  by  Professors 
W.  B.  and  R.  E.  Rogers,  that  the  fixed  alkali,  probably  present  in 
fossil  coal,  is  volatilized  by  the  high  heat  of  combustion  ;  thus  ac- 
counting for  the  circumstance  that,  in  many  analyses  of  coal  ashes,  no 
fixed  alkali  has  been  recognized.  To  ascertain  whether  any  potassa 
or  soda  might  be  present,  was  a  question  proposed  in  the  investiga- 
tion of  Mr.  C.  G.  Kendall,  of  Boston,  a  pupil  of  the  Cambridge 
Laboratory. 

He  examined  the  ashes  of  the  Lehigh  coal  employed  in  heating  the 
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Laboratoiy  by  steam,  and  which  must  have  been  subjected  to  as 
high  a  heat  as  ordinarily  occurs  in  the  combustion  of  liard  coal. 

Determinations  of  all  the  ingredients,  some  of  which  were  several 
times  repeated,  were  made.  No  potassa  was  present.  The  soda 
was  sought  in  the  aqueous  extract,  obtained  by  long  digestion  with 
water,  and  amounted  to  a  little  less  than  a  half  per  cent.  This  quan- 
tity, though  small  compared  with  the  other  ingredients  of  the 
ashes,  is  still  large  when  compared  with  the  amount  ordinarily 
present,  in  soluble  condition,  in  a  natural  soil ;  and  thus  accounts 
for  the  fertility  which  such  ashes  have  sometimes  been  observed  to 
confer  upon  soils  with  which  they  were  mixed.  It  suggests  the 
propriety  of  saving  such  ashes  for  agricultural  purposes,  on  account 
of  the  more  soluble  alkali,  as  well  as  of  the  less  soluble  alkaline 
silicates,  which  must  be  more  or  less  present  in  all  fossil  fuel. 

The  ashes  of  fuel  consumed  in  an  open  grate,  where  the  heat  is 
lower,  would  probably  contain  more  soda  than  is  stated  above, 
and  probabl}^  potassa  in  addition.  Indeed,  m}'  friend,  Prof.  Silli- 
man,  Jr.,  remarked  tome,  a  day  or  two  since,  of  having  found  both 
alkalies  present  in  hard  coal  ashes,  in  an  investigation  still  in  prog- 
ress in  his  laboratory. 


Note  on  the  Color  of  Fused  Sulphur.     By  Prof-  E.  N.  Hors- 

FORD. 

Gmelin  has  remarked,  that  the  brownness  of  fused  sulphur  may 
may  be  ascribed  to  a  small  quantity  of  asphaltum,  accidentally  in- 
troduced in  the  manufacture;  and  adds,  that  the  fact  of  the  slow 
return  to  yellowness,  as  the  sulphur  cools,  is  no  proof  that  this  ex- 
planation is  not  valid,  since  the  opacity  which  comes  on  at  the 
same  time  prevents  the  recognition  of  the  brown  color. 

To  decide  this  point,  it  was  necessary  to  have  sulphur  derived 
from  a  source  where  asphaltum  could  not  be  present.  To  this  end, 
ground  native  sulphate  of  baryta,  mixed  with  one  quarter  finely  pul- 
verized charcoal,  and  wet,  with  meal,  to  a  paste,  was  reduced  in  a 
furnace,  in  the  usual  manner.  The  mass,  after  cooling  and  pulver- 
izing, was  lixiviated,  and  the  solution  exposed  to  the  air  for  several 
weeks,  in  bottles  partly  tilled  and  loosely  stoppered.  Upon  adding 
hydrochloric  acid  to  the  yellow  solution,  a  dense  nearly  white  precip- 
itate followed,  which  was  gathered  upon  a  plain  filter,  and  washed 
through  three  days  with  distilled  water.  The  white  mass  upon  the 
filter  was  then  dried,  and  the  sulphur  driven  off  by  sublimation. 
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After  subjecting  the  sulphur  to  repeated  sublimations,  It  was 
found  to  present,  upon  fusion,  the  brown  color  observed  when  the 
experiment  is  made  with  ordinary  sulphur. 


On  Ammonio-Chloride  of  Magnesicm.  By  Dr.  Christian  Linck, 
Assistant  in  the  Cambridge  Laborator}^ 

In  the  analysis  of  compounds  of  Magnesium,  we  constantly  meet 
with  and  apply  the  fact  that  there  exists  a  compound  of  chloride  of 
magnesium  with  chloride  of  ammonium,  the  solution  of  which  is 
not  decomposed  by  ammonia,  or  carbonate  of  ammonia,  nor  the 
carbonates  of  potassa  or  soda  in  the  cold,  nor  by  man}'  other  re- 
agents which  act  upon  pure  chloride  of  magnesium. 

The  study  of  this  compound  has  lony  been  neglected.  It  is, 
however,  so  frequently  met  with  by  analysts  and  by  students,  even 
at  the  very  beginning  of  their  practical  studies,  that  I  considered 
its  isolation  and  a  knowledge  of  its  composition  desirable. 

These  considerations  induced  me  to  make  an  investigation  on 
the  subject,  the  results  of  which  I  beg  leave  to  present  to  this 
meeting,  in  the  following  three  sections : 

Fii'st  section. — To  a  solution  of  pure  chloride  of  magnesium, 
water  of  ammonia  was  added  as  long  as  any  precipitate  ensued,  and 
tlie  liquid  filtered  off.  Part  of  this  liquid  was  evaporated  to  a  state 
of  proper  concentration,  and  then  crystallized  ;  another  part  was 
exposed  to  the  open  air  in  a  flat  dish  for  several  days,  until  all  odor 
caused  by  an  excess  of  ammonia  had  disappeared.  The  liquid 
then  re-acted  perfectly  neutral  with  test  paper.  From  this  liquid 
the  ammonia  was  determined  by  precipitation  with  perchloride  of 
platinum  ;  the  magnesia  simply  by  evaporating  the  solution  with 
an  excess  of  nitric  acid,  and  igniting  the  residue. 

5.221  grms.  of  the  liquid  yielded  ammonio-chloride  of  platinum 
0.460  zr:  0.0351  ammonia,  or  0.67  per  cent. 

11.927  grms.  of  the  liquid  yielded  :  magnesia  =  0.271  grms.  =: 
2.27  per  cent.  This  shows  that  for  every  equivalent  of  ammonia 
there  are  in  the  solution  three  equivalents  of  magnesia. 

A  calculation  from  the  equivalents  of  those  bodies  requires  that 
for  eveiy  2.27  per  cents  of  magnesia  0.62  per  cent  of  ammonia 
should  be  present,  a  requirement  with  which  my  results  agree  well. 

In  the  way  before  mentioned  two  crops  of  crystals  were  obtained, 
17 
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both  having  the  same  appearance,  and  also,  as  shown  by  analysis, 
the  same  composition.  Both  were  perfectly  neutral,  colorless,  and 
A'ery  deliquescent,  so  that  an  accurate  determination  of  the  water 
which  they  contained  was  not  easily  attainable.  Jn  the  water-bath 
they  lost  an  amount  of  water  varying  in  different  samples  between 
three  and  four  and  a  quarter  per  cents,  but  without  undergoing  any 
striking  change  of  appearance,  so  that  I  must  conclude  that  this 
water  is  merely  adherent  to  and  not  combined  with  the  substance. 
The  analysis  of  this  salt,  and  of  all  the  salts  to  be  described  here- 
after, refer  to  a  substance  which  has  been  dried  in  the  water-bath. 
First  crop  :  1.433  grms.  salt  yielded,  magnesia,=0.236  grms.  or 
16.47  per  cent.  0.424  grms.  salt  yielded  ammonio-chloride  of  pla- 
tinum 0.292  grms.  =0.02228  =  5.25  per  cent  of  ammonia. 

Second  crop  :  0.996  grms.  salt  yielded,  magnesia,  0.165  grms.  = 
16.56  per  cent.  0.373  grms.  salt  3nelded,  ammonio-chloride  of  pla- 
tinum =:  247  grms.  =0.01884  grms.  =5.05  per  cent  of  ammonia. 

A  small  calculation  will  show  that  magnesium  and  ammonium  are 
contained  in  this  salt  in  the  proportion  of  three  equivalents  of 
mao'nesia  to  one  equivalent  of  ammonia  the  same  proportion  as  in 
the  liquid  from  which  they  were  derived.  This  supposition  would 
require  a  proportion  of  16.5  magnesia  to  4.41  ammonia. 

These  experiments  led  me  to  the  conclusion  that  when  a  solution 
of  chloride  of  magnesium  is  decomposed  by  ammonia  at  ordinary 
temperatures,  one  quarter  of  the  magnesia  is  thrown  down  and 
ammonia  takes  its  place.  A  compound  of  one  equivalent  of  chlo- 
ride of  ammonium,  with  three  equivalents  of  chloride  of  magnesium, 
is  found  in  the  liquid,  and  can  be  crystallized  out  in  combination 
with  a  great  quantity  of  water  of  crystallization. 

Second  section. — I  now  proceeded  to  ascertain  what  takes  place 
when  a  solution  of  chloride  of  mngnesium  is  precipitated  with  am- 
monia while  boiling  hot. 

The  liquid  obtained  in  this  manner  was  investigated  in  the  same 
manner  as  the  foregoing  ;  part  was  crystallized,  part  merely  freed 
from  excess  of  ammonia  by  standing  in  the  air  until  it  became  per- 
fectly neutral.  10.906  grms.  of  solution  gave  0.140  magnesia  = 
1.28  per  cent.  0.876  ammonio-chloride  of  platinum  =  0.06784 
grms.  ammonia  =1.11  per  cent. 

These  numbers  indicate  that  the  liquid  contained  chloride  of  mag- 
nesium and  chloride  of  ammonium  in  the  ratio  of  an  equal  number 
of  equivalents.  1.28  magnesia,  according  to  this  supposition,  corre- 
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spond  to  1.07  ammonia.  The  liquid  yielded  two  different  crops  of 
crystals. 

The  first  were  mostly  very  small,  and  appeared  to  me  to  be  not 
all  alike,  but  a  mixture  of  two  different  salts.  The  second  crop 
had  the  appearance  of  the  crystals  obtained  by  the  first  experi- 
ments, mentioned  before. 

First  crop:  1.028  grms.  salt  yielded  0.111  grms.=:10.79  per 
cent  magnesia.  0.0445  grms.  salt  yielding  0.235  aramonio-cidoride 
of  platinum=:14.84  per  cent  ammonia.  This  salt,  although  its 
composition  agrees  pretty  well  with  a  simple  formula  (3NH4  CI 
-f-2Mg  CI,)  I  deem  to  be  a  mixture,  as  stated  already,  and  exper- 
iments which  I  shall  state  below  confirm  this  opinion. 

The  second  crop  of  crystals,  obtained  from  the  liquid  under  ex- 
amination, gave  the  following  results:  0.929  grms.  salt  yielded 
0.150  raagnesiar=16.13  per  cent.  0.343  grms.  salt  yielded  0.212 
ammonio-chloride  of  platinum=0.1604  grms.  or  4.68  per  cent  of 
ammonia. 

As  the  result  of  these  experiments,  it  appears — 1st,  that  at  a 
boiling  heat  ammonia  precipitates  from  a  neutral  solution  of  chlo- 
ride magnesium  exactly  one-half  of  its  magnesia;  that  is,  twice 
as  much  as  it  precipitates  in  the  cold.  I  may  remark  here  that 
Pfaff,  a  German  chemist  of  the  last  century,  gives  this  as  the  gen- 
eral result  of  the  action  of  ammonia  at  all  temperatures — a  state- 
ment which  I  feel  compelled  to  contradict. 

The  second  result  will  appear  more  strikingly  in  the  next  sec- 
tion, and  I  shall  there  mention  it. 

Third  section. — In  a  solution  of  chloride  of  magnesium  of  known 
strength,  its  equivalent  of  chloride  of  ammonium  was  dissolved,  and 
the  solution  crystallized.  The  first  crop  of  crystals  appeared,  on 
examination,  to  consist  of  chloride  of  ammonium,  with  which  a  small 
quantity  of  the  next  salt  was  mechanically  mixed,  for  the  mixture 
yielded  less  than  one  per  cent  of  magnesia. 

The  second  crop  of  crystals  consisted  of  the  salt  3MgCl,NH4Cl, 
described  above. 

1.182  grms.  of  the  salt  yielded  magnesia=:0. 192=16.24  per 
cent ;  0.332  grms.  of  the  saltylelded  ammonio-chloride  of  platinum 
=0.266=5.20  per  cent  NH3. 

Another  solution  was  made  containing  one  equivalent  of  chloride 
of  ammonium  to  three  equivalents  of  chloride  of  magnesium,  and 
set  aside  to  crystallize.  It  readily  gave  large  crops  of  the  crvs- 
tallized  compound. 
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0.430  gvms.  salt  3'ielded  ammonio-cliloride  of  platinuni=0.269, 
corresponding  to  ammonia  0.0254  grms.  or  4.78  per  cent=5.11 
per  cent  NH4. 

1.578  grms.  or  salt  yielding  0.264  Mg  0=16.10  per  cent  Mg 
0=9.00  Mg. 

The  salt  being  neutral,  these  two  data  are  sufficient  to  determine 
its  composition.  It  agrees  well  enough  with  the  formula  SMgCl, 
NH4  Cl-j-20  Aq.  The  composition,  according  to  this  formula, 
would  be  : 

Calculated.  Found. 

Magnesium 10.06  9.90 

Ammonium 4.81  5.11 

Chlorine        37.49 

Water 47.68 


99.99 
The  final  results  of  the  whole  investigation  may  be  laid  down  in 
the  following  propositions  : 

1.  There  exists  but  one  double  salt  of  chloride  of  magnesium, 
with  chloride  of  ammonium,  NH4  Cl,3MgCl-|-20Aq. 

2.  When,  to  a  solution  of  cliloride  of  magnesium,  ammonia  is 
added  in  excess,  one-third  onl}^  of  the  magnesium  is  thrown  down,  or 
what  amounts  to  the  same  thing,  in  a  solution  of  three  equivalents  of 
chloride  of  magnesium,  to  which  one  equivalent  of  chloride  of  am- 
monium has  been  added,  no  precipitate  will  ensue.  This  liquid 
yields  directly  crystals  of  the  ammonio-chloride  of  magnesium. 

3.  When  the  reaction  takes  place  at  212°F.  one-half  of  the  mag- 
nesium is  thrown  down,  but  the  liquid  thus  obtained  does  not  yield  a 
corresponding  crystallized  compound.  It  decomposes  into  chloride 
of  ammonium  and  the  double  salt  of  chloride  of  ammonium  with  ter- 
cliloride  of  magnesium.  Tlie  solution  of  the  latter  salt  is  not  acted 
upon  by  ammonia  in  the  cold,  but  at  a  boiling  temperature  ammonia 
drives  out  part  of  the  magnesia,  as  must  be  expected  when  the  exper- 
iments adduced  in  the  second  section,  are  taken  into  consideration. 

Adjourned. 

E.  N.  BORSFORD,  Secretary. 
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Fifth  Day,  Auyust  18,  1849. 

Morning  Session. 

SECTION  OF  GEOLOGY  AND  PALEONTOLOGY. 

Dr.  Charles  T.  Jackson  was  appointed  to  the  Chair,  and  J.  B. 
Felton,  Esq.,  was  appointed  Secretary. 
The  first  communication  was  as  follows  : — 

On  the  Origin  of  the  Drift,  and  of  the  Lake  and  River  Ter- 
races OF  THE  United  States  and  Europe,  with  an  Examina- 
tion OF  THE  Laws  of  Aqueous  Action  connected  with  the 
Inquiry.     By  Prof.  Henry  D.  Rogers. 

Prof.  Rogers  expressed  his  regret  that  the  subdivision  adopted 
this  morning  of  tlie  two  ver}'  intimatel}'^  connected  subjects  of  Zool- 
ogy and  Geology,  should  have  withdrawn,  in  their  interest  in  zoolog- 
ical topics,  some  members  of  the  General  Section  of  Natural  History 
and  Geology,  who  had  been  among  the  most  earnest  and  successful 
students  of  these  phenomena,  who  might  differ  from  himself  in  many 
doctrinal  points,  and  who  would  be  glad  of  an  opportunity  to  reply 
to  his  views. 

He  then  proceeded  to  say,  that  the  interesting  problem  of  the  ori- 
gin of  the  Drift,  and  of  the  other  superficial  phenomena  of  transport, 
of  late  years  the  source  of  so  much  discussion  and  the  cause  of  so 
much  research,  has  scarcely  received  even  yet  that  clear  and  critical 
analysis  which  its  complexity  requires,  and  to  which,  as  involving 
the  consideration  of  so  many  questions  in  Terrestrial  Physics,  it 
seems  to  be  obviously'  entitled.  In  proceeding  to  offer  certain  views 
of  my  own  respecting  this  extensive  inquiry,  I  deem  it  indispensa- 
ble to  a  logical  limitation  of  this  question,  to  attempt  a  preliminary 
investigation  of  a  few  fundamental  points  involved  in  the  various 
hypotheses  of  the  Drift,  now  advocated.  To  the  singular  neglect 
of  these  essentially  antecedent  questions,  I  am  disposed  to  impute 
much  of  the  remarkable  discrepanC3'  discernible  in  the  prevailing 
doctrines  concerning  this  branch  of  Geology. 

Before  entering  upon  the  inquiry  of  the  agency  manifest  in  the 
Drift,  I  would  proceed  to  enumerate  the  various  theories  of  the 
principal  geologists  upon  this  point, 

1.  The  Glacial  Theoiy,  based  upon  the  remarkable  phenomena  of 
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a  slow  transport  of  rocky  materials  upon  the  surface  of  the  glaciers, 
and  assuming  that  the  same  agency  had  been  employed  in  the  distri- 
bution of  erratic  boulders  over  the  extensive  plains  of  northern 
Europe,  and  over  a  lai'ge  portion  of  North  America.  The  glacialists 
suppose  that  they  can  discern  phenomena  imcompatible  with  the 
agency  of  water,  and  identical  with  those  seen  to  result  from  the 
action  of  tiie  glaciers  at  this  very  day,  in  the  very  character  of  these 
drifted  materials.  If  now,  a  test,  or  a  series  of  tests,  could  be  estab- 
lished, by  which  could  be  discerned  what  water  can  do,  and  what  it 
cannot  do — what  ice  can  do,  and  cannot  do — then  might  the  prob- 
lem be  solved.  Before  discussing  details,  let  the  tests  be  established. 

II.  The  Iceberg  Theory,  assuming  that  the  land  was  submei-ged 
when  these  erratic  boulders  were  diffused.  This  theory,  as  advoca- 
ted by  Sir  Charles  Lyell,  assumes  that  the  whole  northern  part  of  the 
continents  of  Asia  and  Europe,  and  North  America,  were,  at  that 
time,  beneath  the  ocean  ;  that  the  icebergs  from  the  islands  broke 
away  —  as  they  now  break  away  from  the  sloping  valleys  of  Spitz- 
bergen — and,  floating  along,  charged  with  angular  matter,  produced 
tlie  marks,  where  they  rubbed  upon  the  surface,  imputed  by  the  gla- 
cialists to  the  glaciers,  and,  in  melting,  as  they  floated  towards  the 
south,  deposited  these  Drift  materials  as  we  see  them.  The  first  and 
anterior  question  would  be,  whether,  at  this  period,  the  land  was,  or 
could  have  been,  submerged  ;  whether  we  have  any  independent 
proof  that  these  regions  were,  really,  at  that  epoch,  below  the  sea. 

III.  Murchison's  Theory,  assuming  the  submersion  of  the  land, 
during  the  epoch  of  the  Drift,  employs  the  agency  of  sudden  eleva- 
tion, and  waves  of  translation,  for  the  dispersion  of  the  general  drift ; 
and  introduces  the  dispersion  of  the  glacial  ice  of  those  regions,  by 
the  same  sudden  paroxysmal  movements.  In  this^wa}',  he  proposes 
to  explain  how  it  is  that  the  granite  blocks,  and  other  huge  erratics 
of  the  mountains  of  Norway'  and  Sweden,  have  been  strewn  across 
the  low  plains  of  Russia,  eastward  towards  the  Ural  Chain,  and  south- 
eastward to  a  distance  of  800  miles,  up  hill,  from  the  granitic  region 
of  Scandinavia,  gradually  ascending  to  the  height  of  even  1100  feet. 

IV.  Mr.  Roljert  Chambers's  Theory,  adopting  asimilar  hypothesis 
of  the  submarine  condition  of  the  land,  conceives,  not  that  the  land 
emerged,  but  that  the  sea  retired  from  the  surface  of  Great  Britain 
and  northern  Europe,  and  the  northern  parts  of  North  America.  He 
seems  to  take  it  for  grauted  that  the  inere  fact  of  tiie  presence  of  the 
DrifL  is,  itself,  a  suUicient  proof  of  submarine  deposition.     As  the 
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Drift  occurs  upon  the  mountains  of  Scotland,  1500  feet  above  the 
sea,  and  near  Snowdon,  in  Wales,  at  an  elevation  of  1700  feet,  he 
assumes  the  ocean  to  have  rested  at  this  height.  Upon  this  view, 
the  land  in  North  America  stood  6000  feet  lower  than  at  present, 
leaving  only  the  peak  of  Mt.  Washington  as  a  minute  island,  stand- 
ing but  a  few  hundred  feet  above  the  waters. 

Chambers  thinks  that  he  has  evidence  of  successive  conditions  of 
repose  of  the  laud,  at  different  elevations,  in  the  terraces  which  are 
found  everywhere  around  the  shores  of  Great  Britain,  and  most  of 
the  coasts  of  Europe,  at  various  heights.  A  careful  examination  of 
the  proofs  convinces  me  that  the  lower  terraces,  near  the  sea,  are 
true  ancient  beaches,  possessing  the  features  of  genuine  sea-mar- 
gins ;  but  Mr.  Chambers  is  not  careful  enough  in  his  discrimination 
of  the  real  tests  of  watery  action  ;  he  mounts  step  by  step,  passing 
from  the  lower  terraces,  where  marine  relics  exist,  to  others  where 
they  are  not  to  be  found, — where  the  horizontality  becomes  more 
uncertain,  and  even  where  there  is  a  visible  slope,  and  there  is  not 
the  slightest  trace  of  erosion,  b}'  the  surf  or  other  beach  action.  He 
himself  admits  that  he  loses  all  traces  of  marine  relics  at  the  height 
of  360  feet ;  and  I  think  the  facts  will  show  that  they  cease  at  even 
a  less  height  —  probably  200  feet.  The  genuine  sea-terraces  are 
the  only  evidence  of  the  successive  levels  of  the  sea,  and  do  not 
indicate  the  whole  uplifting  action  to  have  exceeded  300  or  400  feet 
at  the  outside  ;  and  afford  no  proof  at  all  of  the  general  submersion 
of  the  northern  regions,  as  maintained  in  these  three  hypotheses. 

V.  The  Diluvial  Hypothesis,  as  modified  b}'  myself,  assumes,  not 
the  submersion  of  the  laud,  but  a  series  of  violent  elevatory  earth- 
quake movements,  in  the  Arctic  regions,  displacing  the  Arctic 
waters,  with  the  ice  which  bound  them,  and  sending  these  south- 
ward, across  the  northern  districts  of  the  continents.  It  supposes 
the  sudden  uplifting  action  to  have  originated,  like  those  of  more 
modern  earthquakes,  in  different  centres  and  zones  of  movement, 
and  admits  that  one  of  these  might  have  been  in  the  mountains  of 
Scandinavia.  Contemplating  the  vast  power  and  size  of  the  waves 
of  translation,  whicli  earthquake  undulations  in  the  earth's  crust  are 
known  to  engender,  and  applying  the  rigorous  calculations  of  Prof. 
Hopkins,  of  England,  upon  the  force  of  translating  waves  in  pro- 
pelling large  erratics,  I  see  no  difficulty  in  proving  that  the  whole  of 
the  Drift  could  have  been  dispersed  over  the  area  it  occupies,  with- 
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out  the  violent  assumption  that  this  area  was  beneath  the  sea.  My 
own  theory  does  not  reject  the  auxiliary  agency  of  ice. 

Upon  a  careful  study  of  tlie  phenomena  of  earthquake  action,  I 
have  convinced  myself  that  all  these  movements  result  in  a  perma- 
nent change  of  relative  level  of  the  land  and  sea;  and  that  every 
earthquake  consists  of  an  undulating  movement  of  the  crust. 

Having  clearly  established  these  facts,  the  theory  appeals  to  the 
agency  of  the  earthquake,  as  establishing  a  movement  in  the  waters 
vastly  more  energetic  than  the  mere  running  off  of  the  water  from 
an  uprising  district, — for  it  shows  that  the  undulations  of  the  crust 
below,  transmitted  to  the  waters  above,  must  set  in  motion  a  series 
of  enormous  waves,  the  transporting  power  of  which  we  have  now 
the  data  for  estimating. 

1.  The  inquiry  which  naturally  ranks  first  in  the  discussion  of  the 
Origin  of  the  Drift,  River  Terraces,  etc.,  regards  the  character  of  the 
medium  or  agent  which  transported  the  fragmentary  materials.  Was 
glacial  ice  the  motive  power,  or  was  it  water,  and  are  there  any 
physical  tests  discoverable  in  the  condition  and  phenomena  of  the 
Drift,  and  the  regions  covered  by  it,  any  general  laws  in  the  earth's 
geological  history,  which  can  assist  us  to  a  decision? 

2.  A  second  preliminary  question  respects  the  signs  by  which  we 
may  ascertain  whether  a  given  area  of  the  surface  was  at  a  partic- 
ular epoch  dry  land,  or  was  covered  by  water. 

These  points  succinctly  treated  of,  I  shall  advance  in  my  inquiry 
into  the  conditions  under  which  the  Drift  and  our  River  and  other 
Terraces  were  formed,  by  discussing  the  functions  and  powers  of 
widespread  diluvial  waves.  In  the  appeal  which  I  shall  make,  to 
the  modes  of  action  of  water,  I  shall  carefully  refrain  from  what 
might  be  deemed  mere  supposition,  and  confine  myself  to  the 
known  facts  and  laws  of  aqueous  dynamics,  and  to  a  strictly  scien- 
tific view  of  the  conditions  of  propulsion  and  deposition  of  frag- 
mentary matter,  as  driven  or  carried  by  a  fluid. 

In  venturing  to  enter  upon  the  inquiry  whiclil  have  here  placed 
first,  whether  glacial  ice  or  water  was  the  transporting  agent,  and 
whether  we  are  in  possession  of  an}'^  distinctive  physical  tests  by 
which  we  can  decide,  1  by  no  means  intend  to  range  over  the  exten- 
sive field  of  irregular  discussion  traversed  b}^  the  advocates  of  these 
two  rival  agencies.  My  sole  object  at  present  is  to  call  attention  to 
a  few  facts  connected  with  the  Drift,  wliichi  think  must  sooner  or 
later  be  adjudgedtopossessthisiniportantcharacterof  decisive  tests. 
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Looking  at  the  wholly  different  laws  of  progression  of  ice  com- 
pared with  those  of  water,  we  niiglit,  one  would  suppose,  infer,  with- 
out hesitation,  that  there  must  be  an  essentially  different  internal 
structural  arrangement  in  the  masses  of  fragmentar3'  materials 
driven  forward  by  the  two  agents.  Tee  is  a  solid  bod}',  or  if  slightly 
plastic  when  in  the  form  of  the  glacier,  it  rests  in  great  volume 
on  a  sloping  surface,  and  is  acted  on  b}'  gravity,  yet  it  is  essen- 
tially a  solid  body,  in  its  mechanical  action  on  the  materials  with 
which  it  comes  in  contact.  In  its  propelling  action,  the  glacier  has 
the  functions  of  a  wedge  or  a  plough,  crushing  and  grinding  the 
loose  fragments  which  fall  upon  its  surface,  between  its  edges  and 
their  enclosing  mountain  walls,  or  under  its  irresistible  advancing 
front,  and  pushes  before  it  a  rude  mound  or  moraine,  in  which  we 
can  discern  no  marks  of  a  genuine  stratification.  During  its  re- 
treating phase,  the  masses  which  it  still  receives  advance  just  as 
they  do  during  its  increasing  stage,  to  its  lower  termination,  where 
they  are  left  by  the  shrinking  or  retrocession  of  the  ice,  on  the  bed 
of  the  valley,  at  successively  higher  and  higher  points,  forming  one 
great  mound  or  sheet,  as  the  case  may  be,  of  mingled  detritus,  tum- 
bled together,  without  any  ordei',  or  the  least  approach  to  a  distribu- 
tion in  la^'ers  or  beds.  This  absence  of  stratification  is,  I  believe, 
admitted  to  be  a  feature  of  all  the  moraines  in  the  Alps  which  have 
not  been  worked  over  and  reshaped  by  the  action  of  water. 

Water,  on  the  other  hand,  by  virtue  of  its  mechanical  qualities  as  a 
fluid,  and  of  its  buoyancy,  transports  its  sedimentary  burdens  in  a 
manner  essentially  different ;  according  to  the  size  and  density  of  the 
masses  and  particles  it  conve3's,  it  acts  with  a  different  propelling  en- 
ergy and  a  different  floating  power.  When  it  moves  with  a  flow 
which  is  not  too  rapid,  or  too  irregular  and  tumultuous,  it  sorts  and 
strews  or  stratifies^  either  minutely  or  on  an  extended  scale,  whatever 
it  suspends  or  drives  along  its  bed.  It  derives  this  sorting  or  arrang- 
ing power  from  the  law  of  its  own  internal  motion,  everj^  extended 
flow  or  even  lesser  current,  moving  in  its  different  parts  with  very 
different  velocities.  Each  special  subordinate  stratum  of  the  fluid, 
by  virtue  of  this  difference  of  velocity,  deposits  a  different  class  of 
fragments,  fine  or  coarse,  in  accordance  with  the  limits  which  its  own 
speed  affixes  to  its  propelling  power,  modified  a  little  by  the  shape 
and  density  of  the  fragments.  Ordinarily,  or  where  the  current  is 
diffused  and  sufficient!}''  deep,  and  maintains  an  equable  flow,  there 
is  an  increasing  gradation  of  velocity  from  the  bottom  and  confining 
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boundaries  toward  the  top  and  middle,  and  where  the  lower  part  of 
the  stream  is  loaded  with  a  half  rolling  and  half  floating  mass  of 
drift  material,  this  gradation  of  velocity  from  the  rapid  diminution 
of  the  friction  will  be  especially  marked.  We  must  hence  infer  that 
the  sorting  power  of  such  a  sheet  of  water,  just  in  the  stratum  where 
deposition  is  preparing  and  taking  place,  is  particularly  great.  It  is 
obvious,  that  the  kinds  of  stratification  will  be  determined  liy  the 
various  conditions  of  the  current,  such  as  the  steadiness  or  irregu- 
larit}'  of  its  velocity,  the  hoiizontality  or  eddying  and  oblique  di- 
rection of  its  isodynamic,  or  equal  moving  layers  and  threads,  all 
consequent  on  the  nature  of  its  resisting  floor,  and  likewise  by  the 
evenness  or  diversity  in  size  of  the  fragments  and  particles  which 
it  is  pushing  and  floating  forward. 

In  a  subsequent  part  of  this  essay,  I  shall  enter  somewhat  more 
thoroughl}^  into  this  impoi  tant  inquir3'of  the  manner  in  which  a  sheet 
of  water,  under  sevei'al  conditions  of  its  motion,  propels  and  deposits 
its  sedimentary-  load  ;  and  I  shall  then  attempt  to  explain  upon  ac- 
knowledged laws,  certain  internal  features  of  the  Drift,  which  to 
many  geologists  seem  anomalous  and  even  incompatible  with  the 
idea  of  its  transport  by  rushing  or  flowing  water.  My  main  pur- 
pose, at  present,  is  to  show  that  while  a  confused  and  tumbled  in- 
termixture of  the  rocky  debris,  such  as  we  behold  in  every  true 
moraine,  is  the  invariable  mark  of  glacial  action,  stratification  in 
some  mode,  either  rude  or  regular,  when  the  predominant  feature, 
is  equally  distinctive  of  the  agency  of  a  great  aqueous  wave.  I  say 
when  stratification  is  the  predominant  feature,  for  I  am  well  aware 
that  though  a  glacier  cannot  stratify  the  materials  which  it  pro- 
pels, an  energetic  and  tumultuous  watery  flood,  in  sorting  and 
regularly  bedding  one  portion  of  its  dregs,  does  necessarily,  under 
special  conditions  of  its  motion,  throw  down  the  rest  in  promiscu- 
ous disorder,  and  leave  almost  no  trace  of  lamination  or  of  any  of 
the  marks  of  a  progressive  deposition.  This  feature  of  absent  or 
defective  stratification,  common  enough  in  the  lower  part  of  the 
American  Drift  in  certain  neighborhoods,  and  of  frequent  occur- 
rence in  the  Till  of  England  and  Scotland,  will  claim  prominence 
in  another  place,  and  more  full  and  explicit  explanation  than  at 
present  I  can  pause  to  give  it.  I  shall  here  content  myself  with 
requesting  the  student  of  aqueous  dynamics  to  reflect  that  those 
conditions,  which  are  essential  to  the  sorting  power  of  water,  do 
not  always  exist.     He  will  see  that  where  a  violent  and  stupendous 
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flood  either  sweeps  over  a  ver}'  obstructed  mid  uneven  floor,  or  is 
composed,  as  I  myself  regard  ever}'  great  geological  inundation  to 
have  been,  of  a  succession  of  impetuous  waves,  with  intervening 
checks,  or  even  momentary  pauses,  stratification  amid  the  turbulent 
waters  and  the  wild  pitching  and  wholesale  propulsion  of  the  lower 
portion  of  the  Drift,  must  be  an  impossibilty.  Upon  the  views  which 
I  entertain  of  the  nature  of  the  surface  movements,  which  must  of 
necessity  attend  every  energetic  displacement  and  rushing  of  the 
terrestrial  waters — movements  I  mean  identical  with  the  rapid,  and 
shattering  crust  undulations  o"f  the  modern  earthquake,  but  incompar- 
ably more  energetic,  he  will  easily  comprehend  how,  during  the  vio- 
lence of  this  tossing,  the  Drift,  loosened  and  lifted  from  its  floor,  and 
borne  forward  by  a  succession  of  stupendous  ocean  waves,  of  the 
kind  termed  wavesof  translation,  could  not  well  bespread  or  sheeted 
out  on  its  rocky  floor  as  when  a  more  steady  and  less  intermitting 
current  moved  it,  but  would,  inevitably  be  driven  forward  confusedly 
and  bodil}',  and  be  bodily  and  suddenly  thrown  down  again  by  this 
heaving  action.  In  this  phasis  of  its  transport,  therefore,  the  Drift 
was  not  floated  or  even  rolled  onward  by  the  waters,  but  was  violently 
pushed  in  oft-repeated  successive  stages,  loholesale  across  the  rocky 
bottom.  Upon  this  view  of  the  mode  of  advance  of  one  part  of  the 
Drift,  the  great  abrading  power  which  it  has  exercised  upon  its  rocky 
floor,  is  at  once  intelligible.  Irresistible,  indeed,  must  have  been  the 
momentum  with  which  this  thick,  ponderous  bed  of  angular  frag- 
ments and  huge  blocks  grated  the  surface,  as  at  each  successive  blow 
of  the  gigantic  billows,  aided  by  the  general  current,  the  whole  mass 
to  its  base,  was  rapidly  launched,  one  stage  further  on  its  course. 

Connected  with  this  inquiry  into  the  tests  by  which  we  are  to 
ascertain  whether  ice  or  water  distributed  the  drift,  the  conditions 
of  the  rocky  surface  upon  which  it  reposes  are  of  at  least  equal 
conclusiveness  with  the  structure  of  the  mass  itself. 

It  has  been  frequently  urged  by  the  glacialists,  that  the  mere  exist- 
ence of  the  scratches  and  furroivs  and  polished  surface  of  the  rocky 
floor  of  the  Drift,  is  of  itself  a  decisive  test  of  the  action  of  ice,  their 
argument  being,  that  no  fluid,  no  matter  what  its  velocit}',  could  press 
the  fragmentaay  matter,  even  the  largest  angular  erratics,  with  force 
enough  against  the  bottom,  to  cause  the  extensive  abrasion  and  wear, 
and  the  sharp  and  nearly  parallel  grooving  everywhere  to  be  seen 
upon  the  hardest  rocks.  They  conceive  the  appearances  to  indicate 
an  enormous  vertical  pressure,  such  as  in  their  view  only  a  huge 


246  PROCEEDINGS  OF    THE    AMERICAN    ASSOCIATION 

glacier  could  exert,  and  a  fixity  in  the  grooving  edges  only  compat- 
ible with  the  notion  of  their  being  held  by  a  rigid  solid,  such  as  ice. 

This  view,  though  at  first  sight  rendered  plausible,  by  the  well 
known  and  easily  observed  effects  of  Alpine  glaciers,  which  do  cer- 
tainly thus  score  and  polish  the  beds  on  which  they  glide,  is  to  my 
apprehension  entirely  inconclusive,  on  the  simple  ground  that  it  has 
never  been  accompanied  by  a  critical  and  scientific  examination  of 
the  true  force  and  functions  of  inundating  water  propelling  a  mass  of 
debris.  It  moreover  assumes  to  contradict  what  may  beincontrovert- 
ibly  proved,  that  water  in  full  diluvial  action,  can  produce  phenom- 
ena precisely  analogous  to  those  caused  by  ice.  That  water,  in  fit 
conditions,  has  this  power,  is  made  evident  from  the  effects  of  even 
the  comparatively  feeble  and  local  floods,  produced  b}'  the  burst- 
ing of  the  low  dams  confining  small  lakes  and  rivers.  Mr.  Milne, 
in  his  able  essay  on  the  Parallel  Roads  of  Lochaber,  presents  us 
with  two  such  instances  of  this  furrowing  action  by  insignificant 
debacles.  One  wheie  a  high  railway  embankment  breached  by  ac- 
cumulated water,  formed  a  torrent  charged  with  a  large  quantity 
of  earth  and  stones,  which  produced  on  the  solid  rocks  and  on  large 
blocks  of  stone,  lying  in  the  path  of  the  stream,  "  innumerable 
scratches  and  ruts  ;"  the  other  where  a  head  of  water  twenty-eight 
feet  high,  rushing  through  the  town  of  Greenock,  carried  away 
houses,  bore  forward  a  "  mass  of  rock  weighing  sixteen  tons,  a  dis- 
tance of  thirty  or  forty  yards,  mixed  masses  of  stone  and  even  of  cast 
iron,  with  clay  and  gravel,  and  marked  the  streets  and  walls  with 
furrows."  I  could  cite  similar  cases  reported  to  me  as  witnessed 
in  this  country,  but  not  having  ni3'self  seen  the  localities,  I  refrain. 

Other  evidence  of  the  grooving  power  of  gravel,  moved  by  water, 
equally,  if  not  more  conclusive,  is  to  be  seen  abundantly  on  the  bor- 
ders of  the  Delaware,  Susquehanna,  and  other  American  rivers  in 
latitudes  where  the  most  zealous  glacialists  would  not  hesitate  to  ad- 
mit no  glacier  ever  to  have  been.  At  a  distance  of  more  than  one 
hundred  miles  south  of  the  general  southern  margin  of  the  Drift, 
which  sparsely  covers  the  uplands  and  plateaus  of  northern  Penn- 
sylvania, and  at  various  low  elevations  near  these  streams,  the  fixed 
rocks  are  distinctly  smoothed  and  striated,  and  show  surfaces  in- 
distinguishable from  those  that  are  worn  and  scratched  by  ice. 
The  occurrence  along  all  these  rivers  of  gravel,  and  boulder  drift 
torn  from  more  northern  sites,  and  here  restricted  to  the  beds  of 
the  valle3's,  while  farther  north  it  overspreads  the  uplands,  seems, 
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■when  taken  in  connection  witli- tlie  very  gentle  angle  of  descent, 
narael}',  two  or  tlu'ee  feet  in  the  mile,  to  prove  most  conclusively, 
that  it  was  water,  and  not  ice,  which  furrowed  the  rocks  and  car- 
ried forwaid  the  gravel. 

In  relation  to  the  alleged  inability  of  water  to  produce  the  scratched 
and  polished  surfaces  of  the  rocky  floor  of  the  drift,  I  would  call  at- 
tention to  the  fact,  that  it  is  the  momentuvi  which  is  the  measure  of 
the  scratching  power.  The  momentum  is  the  weight  multiplied  by 
the  velocity.  A  light  body,  moving  at  a  vast  velocity,  will  have  as 
much  momentum  as  a  very  heavy  body  moving  very  slowly.  What 
a  glacier  can  do,  moving  at  the  rate  of  200  feet  a  year,  in  scratch- 
ing the  surface  of  the  earth,  a  sheet  of  gravel,  consisting  of  small 
pieces,  moving  at  the  rate  of  a  mile  in  a  minute,  can  readily  effect. 
No  natural  philosopher  can  resist  this  conclusion. 

There  is  a  velocity  at  which  liquid  particles  are  effectively  solid, 
and  this  is  the  cause  of  the  failure  of  the  attempts  to  drive  steam- 
boats with  small  wheels  and  rapid  revolutions  ;  the  liquid  water  may 
have  all  the  unyielding  character  of  a  solid.  But  there  is  another 
consideration  : — the  glacier  is  no  heavier  than  an  equal  thickness  of 
gravel  itself.  Suppose  the  mountain  valley,  not  filled  with  a  glacier 
100  feet  in  thickness,  but  with  a  great  bed  of  angular  matter, 
pressed  forward  by  the  waters,  with  a  speed  immeasurably  greater 
than  the  slow  creeping  motion  of  the  glacier.  On  the  diluvial  hy- 
pothesis, the  weight  of  a  great  sheet  of  gravel,  propelled  by  water, 
furnishes  all  the  requisite  pressure. 

Intimately  connected  with  this  fundamental  inquiry  into  the  exist- 
ence of  test  phenomena  for  determining  whether  the  drift  was  trans- 
ported by  glacial  ice  or  water,  is  the  interesting  question  of  the  cli- 
mate of  the  glacial  epoch.  Now  I  think  it  can  be  most  easily  shown 
from  the  whole  tenor  of  palseontological  facts,  that  in  undergoing  a 
progressive  and  very  gradual  cooling  of  its  various  climates,  the 
earth  has  at  no  period  felt  that  general  sudden  chill,  which  the  hy- 
pothesis of  an  enormously  wide  extension  of  the  polar  snows  and  ice 
and  of  mountain  glaciers,  during  the  so-called  glacial  epoch,  of  ne- 
cessity assumes.  While  no  adequate  physical  cause  has  ever  been  as- 
signed for  so  great  a  fancied  fall  of  temperature,  and  for  its  subse- 
quent rise,  the  general  evidence  from  the  contemporaneous  organic 
remains  proves  beyond  a  doubt,  that  the  important  law  of  progres- 
sive cooling  experienced  no  such  interruption.  The  two  or  three  in- 
stances cited  by  Sir  Charles  Lyell  and  other  writers,  of  marine  shells 
referable  to  a  subarctic  type  being  found  associated  with  the  drift  in 
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latitudes  consideraby  south  of  tlieir  existing  abode,  and  whicli  have 
furnished,  I  believe,  the  chief  independe^it  argument  for  the  supposed 
glacial  winter,  are,  some  of  tliera,  too  imperfectly  established  and 
are  too  insulated  to  contradict  the  conclusions  drawn  from  all  the 
other  fossils  involved  in  the  drift  and  from  the  general  law.  I  have 
the  excellent  authority  of  Dr.  Gould,  of  Boston,  for  stating,  that  the 
one  or  two  species  (7W/ma  Greenlandica,  etc.),  of  supposed  arctic 
shells,  met  with  in  the  Post-pleiocene  clays  and  sands  bordering  the 
St.  Lawrence  and  Lake  Champlain,  are  now  inhabitants  of  the  coast 
of  New  England,  in  latitudes  quite  as  far  or  farther  south.  Since  it 
has  been  well  established  that  the  ocean  in  the  tranquil  period,  be- 
tween the  earlier  and  the  later  drift,  flowed  tln-ough  the  great  natu- 
ral depression  which  unites  the  Gulf  of  St.  Lawrence  with  the  Bay 
of  New  York  and  which  contains  the  basin  of  Lake  Champlain,  we 
should  feel  no  surprise  at  finding  species  of  the  fossils  of  the  coast 
of  Labrador,  or  of  Greenland  even,  in  the  deposits  of  that  wide  an- 
cient strait.  The  excessively  cold  Labrador  current,  which,  ob- 
structed and  nearly  spent  as  it  is  in  these  latitudes,  even  now  chills 
the  waters  of  Massachusetts  Bay,  seems  to  have  found  an  uninter- 
rupted flow  southwestward  through  the  depression  mentioned. 
And  no  wonder,  then,  that  these  subarctic  forms  flourished  and  left 
their  relics  there.  The  few  cases  of  northern  shells  occurring  in  the 
drift  in  Scotland  are,  I  think,  susceptible  of  explanation  upon  anal- 
ogous views  of  the  prevalence  of  cold,  arctic  cun-ents,  caused  by 
very  intelligible  conditions  in  the  physical  geography  of  the 
period. 

Another  and  very  essential  fundamental  inquiry  relates  to  the 
tests  by  which  we  are  to  ascertain  whether  any  particular  district, 
for  example,  that  of  the  drift,  was  at  a  certain  epoch  covered  per- 
manently by  the  sea,  or  whether  it  was  in  the  condition  of  dry 
land  ;  or,  in  other  words,  to  the  proofs  by  which  we  establish  the 
2')resence  or  absence  of  the  sea  or  other  masses  of  water  at  any  as- 
sumed period  of  geological  time. 

Every  intelligent  geologist  will  admit  that  the  mere  presence  of 
comminuted  mineral  matter  in  the  form  of  strata  or  laminae  is  conclu- 
sive evidence  of  deposition  from  water,  either  in  motion,  or  in  a  state 
approaching  to  rest;  but  all  are  not  equally  well  satisfied  that  the 
general  absence  of  such  deposits  is  as  convincing  a  proof  of  the  ab- 
sence of  water.  It  has  been  maintained,  indeed,  that  as  we  cannot 
show  that  mechanical  or  chemical  deposition  is  at  this  time  taking 
place  upon  the  bed  of  the  mid-ocean,  we  are  not  warranted  in  assum- 
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ing  from  the  non-existence  of  all  sedimentary  matter  of  a  special 
date  in  an}'  region,  that  the  ocean  of  that  period  did  not  cover  it. 
But  when  we  reflect  that  no  tiistrict  of  the  sea  has  ever  yet  been 
sounded  without  revealing  indications  of  recent  sedimentary  depo- 
sition over  at  least  the  chief  part  of  its  bottom,  and  to  what  pro- 
digious distances  its  great  systematic  currents  float  the  impalpable 
particles  swept  into  it  by  the  larger  rivers,  and  calculate  as  we  easily 
can^  from  the  terminal  velocity  of  descent  of  the  finer  sediments  and 
the  speed  of  the  oceanic  currents,  the  areas  over  which  precipitation 
must  take  place,  we  cannot  reasonably  believe  that  even  the  most 
central  tracts  of  the  sea's  bed  are  destitute  of  some  covering  of 
fine  mud  or  other  comminuted  matter. 

Sir  Charles  Lyell  has  proved  that  even  the  existing  feeble  currents 
of  the  ocean  can  waft  the  sediments,  floating  out  of  the  great  rivers, 
to  a  distance  of  tvvo  thousand  miles,  before  they  could  descend  one 
fourth  of  the  depth  of  the  present  Atlantic.  Any  one  who  will  watch 
the  tardy  rate  of  precipitation,  in  certain  chemical  operations,  will 
be  ready  to  admit  this  conclusion.  Now  calculate  from  that  rate, 
how  many  days  or  weeks  it  would  take  the  materials  to  go  down  five 
thousand  feet.  Take  the  data,  furnished  by  Lieut.  Maury,  of  the  ve- 
locity of  the  oceanic  currents,  and  you  would  find  that  the  sediments 
would  cross  the  Atlantic,  if  the  currents  went  so  far,  before  all  could 
reach  the  bottom.  I  contend,  therefore,  that  wherever  the  sea  has 
rested,  it  has  inevitablj^  left  its  own  ineffaceable  record.  Wherever 
the  sea  has  rested,  there  mast  remain  such  a  deposition  of  marine 
products  and  sediments,  that  afterwards  no  rush  of  Waters  could 
sweep  entirely  clean  the  great  ocean  floor,  or  wash  awa}'  from  their 
resting  places  the  sedimentary  materials  which  that  ocean  bed  re- 
ceived. 

I  have  been  a  student  of  the  action  of  the  earthquakes,  and  I  have 
found  that  some  modern  earthquakes  have  excited,  in  the  Atlantic, 
belts  of  thirty  or  forty  parallel  waves  of  translation,  each  billow  being 
twenty  or  twenty-five  miles  broad.  As  to  the  height  of  these  waves, 
it  is  recorded  that  passengers  in  a  steamer,  passing  near  the  coast  of 
St.  Domingo,  duringthe  earthquake  of  1843,  could  see  the  hills  rising 
and  falling  like  the  back  of  a  creeping  snake  ;  so  that  I  do  not  sup- 
pose these  undulations  could  have  been  less  than  one-hundred  feet 
high,  and  were  perhaps  very  much  higher  than  this.  You  will  find,  in 
Johnson's  splendid  Physical  Atlas,  the  limits  of  the  Lisbon  earth- 

'See  Ljell's  Principles,  Vol.  II,  "On  the  area  over  which  strata  may  be  formed." 
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quake  marked,  and  they  reach  to  the  West  India  Isles.  The  earth- 
quake Itself  reached  to  no  such  distance,  for  the  shocks  were  felt 
but  a  few  hundred  miles  westward  of  the  coast  of  Portugal.  But 
ten  hours  after  that  earthquake  had  ceased,  and  had  done  all  its 
damage  in  Europe,  thirty-six  enormous  sea-waves  came  in  and 
struck  the  cliffs  of  Guadaloupe  and  Antigua,  at  regular  intervals  of 
five  minutes.  Not  that  the  mighty  agency'  was  thirty-six  times  re- 
peated, but  the  one  displaceuientof  the  ocean  bed  took  the  form  of 
these  thirty-six  undulations,  which  were  imparted  to  the  sea,  its 
billows  flowing  on  until  they  crossed  the  Atlantic. 

Now,  if  the  action  of  the  Gulf  Stream,  or  the  currents  around 
Cape  Horn,  or  the  Cape  of  Good  Hope,  have  the  power  of  transport- 
ing materials  to  the  very  centre  of  the  ocean,  how  much  is  this  con- 
clusion strengthened  when  we  consider  that  even  the  most  tranquil 
regions  of  the  ocean  are  visited  by  the  great  transporting  waves  en- 
gendered by  the  undulations  of  earthquakes,  and  that  these  mighty 
billows,  which  can  traverse  a  wide  sea,  as  they  did  on  the  occurrence 
of  the  Lisbon  earthquake,  are  not  mere  oscillations  of  the  water,  but 
contain  powerful  currents,  as  rapid  at  the  very  bottom  as  at  the  sur- 
face. If  such  are  the  forces  which  even  now  deposit  the  materials 
of  the  land  upon  the  remotest  parts  of  the  bed  of  the  deep,  there  is 
surely  no  reason  to  assume  that  at  any  former  epochj  when  these 
physical  agencies  were,  to  say  the  least,  as  active,  the  ocean  could 
have  stood  over  any  region  without  receiving  upon  its  floor  some 
thickness  of  sediment,  parts  of  which  remaining,  would  testify 
unequivocally  at  this  day  to  its  ancieiit  presence. 

So  crowded,  moreover,  is  every  portion  of  the  existing  sea  with 
appropriate  living  forms,  and  so  full  of  fossil  relics  of  the  past  races 
are  all  the  ancient  strata  which  had  their  origin  from  waters  in  com- 
parative repose,  that  it  seems  impossible,  on  this  consideration,  also, 
that  any  ancient  surface,  that  for  example  which  supports  the  drift, 
could  have  been  the  bottom  of  the  ocean  without  a  plain  record  being 
left  to  prove  it  in  the  organic  remains.  1  think  it  therefore  (piite 
illogical  to  assume  a  submarine  condition  of  the  surface,  at  any 
epoch,  when  we  do  not  find  immediately  upon  that  surface  some  of 
the  imperishable  signs  here  mentioned  of  the  action  and  presence 
of  the  sea. 2 

I  deem  it  of  the  more  importance  to  call  attention  at  this  time  to 

^Tliesc  views  weie  prc'cntuil  by  nie,  in  refutation  of  tlic  Iceberg  Ilyiiothesifi  of  tlie 
Drift,  in  the  spring  of  1844,  in  an  Aildress  to  tlie  American  Association  of  Geologists 
and  Naturalists. 
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the  importance  of  ascertaining  from  independent  and  conclusive  evi- 
dence, wliether  the  strewing  of  tlie  drift  was  in  the  strict  sense  sub- 
marine, because  able  writers,  and  among  them  some  eminent 
geologists,  haverecentl}'  produced  ver}-  interesting  views  of  thedrift 
and  terraces  of  northern  Europe,  all  founded  upon  this  assumption. 

Let  us,  therefore,  examine  the  actual  proofs  of  the  alleged  sub- 
marine condition  of  the  surface  on  which  the  drift  of  America  and 
Europe  was  strewn,  and  see  how  far  they  conform  to  the  distinc- 
tive tests  of  a  genuine  and  long  submersion. 

Between  the  7nain  or  loiuer  drift  and  the  polished  and  furrowed 
surface  of  the  solid  strata,  in  tlie  northern  latitudesof  North  America, 
I  am  not  informed  of  the  existence  of  a?i?/  tme  marine  deposits, unless, 
indeed,  we  must  assign  to  this  position  the  very  local  beds  of  gravel 
with  sea  shells  found  by  Desor,  close  to  the  shore  of  the  Bay  of  New 
York,  at  a  height  above  the  tide  of  about  thirty  feet,  and  even  these 
appertain  most  probablyto  tlie  next  succeeding  interval, namely, tliat 
of  the  deposition  of  the  clays,  etc.,  of  Lake  Cliamplain.  In  this  uni- 
versal absence,  then,  of  all  the  legitimate  marks  of  the  sea's  previous 
presence  at  the  time  of  the  grooving  of  the  rocks  and  first  dispersion 
of  the  boulders,  it  is  obvious  that  this  whole  district  of  the  continent, 
now  covered  with  the  drift, stood  at  least  as  high  as  it  does  at  present, 
and  wdien we  consider  that  throughout  tlie  regions  bordering  the  south- 
ern margin  of  the  drift,  there  are  no  traces  of  any  of  the  late  Tertiary 
formations, which  next  preceded  the  drift, and  which  would  inevitably 
have  been  there  deposited,  iiad  the  continent  at  this  period  been  de- 
pressed, it  is  possible  that  the  land  stood  at  even  a  greater  elevation. 

But  reposing  upon  the  earlier  drift,  and  upon  its  scratched  and 
polished  floor,  are  the  marine  blue  clays  and  yellowish  sands  of  the 
middle  and  quiet  period  of  the  drift,  occupying  the  less  excavated 
parts  of  the  great  continuous  valley  of  the  St.  Lawrence, Lake  Cham- 
plain,  and  the  Hudson  River.  These  beds  containing,  as  already 
said,  man}^  marine  shells,  and  being  unquestionably  the  sediments  of 
an  extensive  ancient  strait,  do  attest  a  submerged  condition  of  the 
districts  they  overspread.  But  they  are  of  extremely  restricted  limits 
compared  with  the  whole  area  covered  with  erratic  matter.  They  are 
confined  to  the  great  valley  or  plain  just  mentioned,  and  to  the  val- 
leys of  the  Upper  St.  Lawrence,  of  the  Mohawk  and  of  some  of  the 
rivers  of  New  England,  but  they  do  not  extend  to  even  the  borders 
of  Lake  Ontario, and  nowhere  spread  over  the  upland  districts  or  gen- 
eral surface  of  the  portion  of  the  continent  where  they  occur.  Their 
18 
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greatest  elevation  above  the  sea  does  not  surpass  three  hundred  and 
eighty  or  four  hundred  feet.  From  Lake  Champlain,  where  the}'  have 
this  altitude,  they  decline  very  gradually  in  elevation  towards  the 
present  sea  coast,  as  we  go  either  southwardly  down  the  valley  of 
the  Hudson,  or  north-eastwardly  down  that  of  the  St.  Lawrence.  At 
Albany  the  surface  of  this  stratum  is  about  two  hundred  feet  above 
the  tide,  and  below  the  Highlands  it  seems  not  to  amount  to  one  hun- 
dred feet.  In  the  other  direction  the  mean  height  of  this  continuous 
formation, identified  byits fossils  and  composition, does  not  exceed, as 
it  extends  along  the  St.  Lawrence  from  the  Ottawa  to  Quebec,  one 
hundred  and  fift}^  feet,  and  I  feel  quite  assured  in  saj-ing  that  it  no- 
where amounts  to  two  hundred.  Having  examined  with  considerable 
care  since  Sir  Charles  Lyell  made  hisvisit  to  that  region, the  relations 
of  this  fossiliferous  stratum  to  the  real  drift  with  which  it  is  in 
contact,  I  have  satisfied  myself  that  this  eminent  geologist  was  in 
error  in  classing  with  this  strictl}'  submarine  formation,  the  small 
mass  of  gravel  and  fragmentary  shells  seen  by  him  at  an  elevation 
of  five  hundred  and  fort^^  feet  above  the  sea,  on  the  Montreal  moun- 
tain. The  materials  in  this  gravel  bed  are  such  as  to  prove  beyond 
a  doubt  that  they  could  not  have  been  deposited  where  they  are, 
under  a  quiet  sea,  like  that  which  filled  at  a  level  lower  by  four 
hundred  feet  the  St.  Lawrence  valley,  but  that  they  were  swept 
with  other  similar  neighboring  accumulations  up  the  flank  of  the 
hill  and  lodged  in  a  depression,  during  the  transport  of  the  second 
or  later  drift.  Interspersed  through  gravel,  not  characteristic  of 
the  clay  deposit  of  the  plain  below,  are  numerous  2^^bbles  of  that 
day,  some  of  them  imbedding  the  valves  more  or  less  entire  of  its 
peculiar  shells.  Indeed  it  is  very  diflicult  to  find  the  fossils  in  this 
partiall}^  preserved  condition,  except  where  they  have  been  thus 
protected  :  all  the  naked  fragments  met  with  among  the  sand  being 
onl}'  the  stronger  hinge  portions,  and  man}'  of  them  being  but 
little  larger  than  its  particles.  The  evidence,  in  fine,  is  positive, 
whether  derived  from  the  nature  and  conditions  of  the  materials, 
or  from  the  style  of  their  stratification,  and  the  very  shapes  of  these 
shells  containing  patches  of  gravel,  that  the}'  were  thrown  there 
by  a  surging  current  driving  them  up  the  mountain.  If  this  cor- 
rection of  preceding  observations  be  admitted,  then  is  there  not 
one  proof  remaining  of  the  permanent  submersion  of  the  plain  of 
the  St.  Lawrence  under  the  sea,  beyond  a  depression,  compared  with 
present  levels,  of  about  two  hundred  feet  ?  It  would  thus  appear  that 
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the  maximiun  elevation  was  in  the  region  of  Lake  Champlain,  and 
that  even  there,  where  the  level  was  four  hundred  feet  lower  than  at 
present,  the  proportion  of  land  flooded  b^^  the  sea,  compared  with  the 
part  exposed,  was  extremely  insignificant.  Had  the  depression  in  the 
region  of  Lake  Ontarioequalled  that  of  the  basin  of  Lake  Champlain, 
it  is  obvious  that  the  waters  of  the  Atlantic  must  have  filled  the  great 
Ontario  vallej^  and  reached  even  to  the  foot  of  the  Falls  of  Niagara. 
But  with  the  facts  now  before  us  of  the  much  lower  level  of  the  St. 
Lawrence  submarine  deposits,  we  cannot  suppose  this  state  of  things, 
unless  indeed  we  also  assume  a  uniformity  in  the  amount  of  the 
subsidence  which  the  inequality  in  the  amount  of  the  subsequent  up- 
heaval to  present  levels  does  not  at  all  warrant,  and  which  further- 
more is  incompatible  with  the  almostuniversaltendenc3'  of  theearth's 
crust  to  take  on  flexures,  when  disturbed  in  level  by  paroxj^smal 
movements,  and  such  must  have  attended  the  desiccation  of  the  jjost- 
pleiocene  clays  and  the  dispersion  of  the  later  and  more  local  drift. 

It  is,  therefore,  in  strict  accordance  with  the  inference  here  de- 
duced, from  the  low  level  of  the  fossiliferous  clays  and  sands  along 
the  St.  Lawrence  vallej^, — the  inference  that  the  sea  did  not  at  that 
time  penetrate  to  the  basin  of  Lake  Ontario, — that  nowhere  around 
the  borders  of  that  Lake,  and  indeed  nowhere  in  the  general  region 
of  the  great  Lakes,  have  any  marine  remains,  or  any  genuine  proofs 
of  a  quiet  sea  of  this  epoch, yet  been  met  with.  The  boulder  clay  of 
both  sides  of  Lake  Ontario,  so  extensively  spread  out,  and  so 
easily  examined  in  New  York  and  Western  Canada,  has  hitherto 
failed  to  disclose  a  solitary  fossil,  distinctive  of  the  beds  of  the 
St.  Lawrence  and  Lake  Champlain.  It  is  indeed  a  wholly  difller- 
ent  material,  full  of  gravel  and  boulders,  imperfectly  stratified, 
and  denoting  in  all  its  features  an  origin  in  turbulent  waters  ;  it  is, 
in  truth,  but  the  inferior  portion  of  the  universal  lower  drift. 

Along  the  more  eastern  of  the  river  valle3's  of  i^ew  England  a 
formation  of  apparentl}^  the  same  age  as  the  Champlain  cla}^,  and 
of  similar  origin,  occurs  in  many  places,  especialh'  near  the  Atlan- 
tic Coast.  On  the  Penobscot  River,  in  the  State  of  Maine,  its 
greatest  elevation  above  the  tide,  as  stated  b}'  Dr.  Charles  Jack- 
son, does  not  exceed  seventy  feet;  while  I  have  myself  observed  it 
in  the  vicinity  of  Passamaquoddy  Bay,  containing  some  of  the 
same  marine  shells, —  Saxicava  rugosa,  Tellina  Greenlandica,  etc., 
— at  an  elevation  of  even  more  than  twenty-five  or  thirt}^  feet. 

Reasoning  from  all  that  I  have  stated,  of  the  very  local  distribu- 
tion of  this  genuine  submarine  deposit  of  the  era  of  the  drift,  and 
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from  the  very  limited  amount  of  vertical  depression  of  the  conti- 
nent, which  it  implies,  the  conclusion  is,  I. think,  unavoidable,  that 
almost  the  whole  of  the  vast  erratic  formation  of  the  United  States 
was  transported  to  where  it  now  reposes,  not  upon  a  submarine, 
but  upon  a  continental  surface. 

I  might  go  on  and  examine  in  detail  the  facts  connected  with  this 
assumed  submersion  of  the  great  drift-covered  plains  of  northern 
Europe,  and  show  that  in  all  these  localities,  where  terraces  exist, 
the  proofs  of  submersion  are  fallacious  in  like  manner.  If  I  were 
to  read  to  you  the  original  description  of  the  Snowdon  localitj-,  it 
would  appear  that  the  evidence  proves  that  a  powerful  current  swept 
the  materials  of  the  drift  across  the  Irish  Cliaunel  and  up  the  moun- 
tain. I  hesitate  not  to  say,  that  going  over  northern  Europe,  you 
will  find  no  legitimate  evidence  of  a  height  of  ocean  greater  than 
about  one  hundred  and  fift}^  feet  above  the  Baltic.  You  will  find 
that  geologists  have  by  no  means  distinguished  between  a  quiet 
sea-bottom,  and  the  materials  formed  by  a  wide  rush  of  waters 
.across  the  land. 

It  has  not  been  my  purpose  to  advance  any  creed  of  my  own,  but 
simply  to  present  some  of  the  test  phenomena  by  which  we  can  dis- 
criminate between  the  action  of  ice,  and  of  water,  and  thus  learn 
from  the  facts  the  real  truth  in  relation  to  this  assumed  submersion, 
and  in  relation  to  the  soundness  of  the  Glacial  Theory. 

Prof.  Agassiz,  and  other  glacialists,  have  from  time  to  time  pre- 
sented us  with  certain  evidences,  as  they  have  deemed  them,  of  the 
sole  action  of  ice,  independent  of  water.  Inasmuch  as  the  ice  is 
essentially  a  plastic  mass,  it  moves  faster  in  the  middle,  precisely 
as  the  current  of  a  river  flows  ;  and  every  fact  dependent  wholly 
upon  this  mode  of  progression  will  be  valueless  as  a  distinctive 
mark  between  the  two.  But  there  are  tests  which  I  think  are  de- 
cisive ;  and  the  beautiful  map  of  Prof.  Guyot,  before  you,  affords 
me  an  opportunity  of  illustrating  those  tests. 

[Prof.  11.  then  explained,  by  reference  to  the  map,  the  distinctive 
action  of  a  glacial,  and  of  an  aqueous  current,  contending  that 
both  agencies  were  discernible  in  the  Alps  and  the  Jura.] 

He  proceeded :to  explain  how  an  uplifting  of  the  polar  icy  seas 
would  give  the  general  southern  direction  to  the  Drift,  visible  in 
northern  Europe,  while  a  local  centre  of  action  in  central  Scandi- 
navia would  modif}'  the  distribution.  This  all-powerful  force  would 
be  sufficient  to  propel  the  granitic  boulders  eight  hundred  miles 
across  the  gentl}'  upslqping  plain  of  Germany,  Poland,  and  Russia. 
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Even  in  the  gorges  of  the  Jura,  the  position  of  the  most  eroded 
surfaces  shows  that  the  waters  came,  not  from  the  side  of  the  Alps, 
but  from  the  North.  Tliougli  the  sea-level  is  now  lower  in  nortii- 
ern  Russia  by  one  hundred  and  fifty  or  two  hundred  feet  than  it  was 
then,  those  arctic  ices  and  floods  could  even  now  find  their  way 
across  northern  Europe  to  the  Ural  Mountains  and  to  the  Alps, 
under  the  mighty  impulse  of  earthquake  undulations. 

I  am  not  one  of  those  who  wish  doctrines  to  be  enforced  by  an 
appeal  to  great  names.  Science  is  best  prosecuted  by  a  simple  and 
modest  adherence  to  the  great  teachings  of  nature,  in  preference  to 
a  following  of  nature's  greatest  expounders.  Let  us  first  go  up  to 
the  great  revelation  itself,  and  then,  if  it  be  necessary,  we  may  resort 
to  its  fallible  commentators  ;  the  philosophers  of  the  world.  I  do 
not  therefore  aim  at  supporting  the  points,  upon  which  I  have  in- 
sisted, by  the  weight  of  great  names  ;  I  have  endeav^ored  to  confine 
myself  to  the  determination  of  decisive  and  distinctive  test,  but  the 
subject  admits  of  so  much  latitude  that  it  has  been  with  diffloulty 
that  I  could  refrain  from  exceeding  my  proper  limits. 

A  short  discussion  ensued,  during  which  Professor  Agassiz  said 
that  however  correct  the  theory  of  translation  by  waves  might  be  for 
other  places,  it  would  not  apply  to  Switzerland.  He  had  satisfied 
himself  by  wdiat  he  had  seen  in  the  gorges  of  the  Alps,  and  the  plains 
between  the  Alps  and  Jura,  that  there  was  no  possibility  of  an  induce- 
ment for  him  ever  to  change  his  views  upon  this  one  point,  for  the 
arrangement  of  materials  there  was  such,  that  it  was  physically  im- 
possible that  water  action  could  have  had  any  thing  to  do  with  it. 


On  some  Fossil  Remains  from  Broome  County,  N.  Y. 
By  W.  C.  Redfield. 

Mr.  W.  C.  Redfield  read  a  paper  on  some  mammalian  remains 
of  the  genus  Vulpes,  which  were  found  in  fine  clay,  beneath  drift, 
in  the  elevated  ground  which  separates  the  upper  courses  of  the 
rivers  Delaware  and  Susquehanna,  near  the  line  which  divides 
New  York  from  Pennsylvania. 

In  the  autumn  of  1848  he  had  received  from  Major  Brown,  Engi- 
neer in  Chief  of  the  New  York  and  Erie  Railroad,  the  lower  jaw 
and  other  bones  of  this  mammal,  partly  enclosed  in  a  matrix  of  fine 
cla}',  in  which  material  the  whole  had  evidently  been  embedded. 
These  bones  had  been  obtained  by  Mr.  Jonathan  Case,  in  excavating 
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for  the  line  of  railway  at  the  Gulf  Summit,  in  Broome  County,  N. 
Y.,  at  a  depth  of  forty  feet  below  the  natural  surface,  at  an  elevation 
of  thirteen  hundred  and  seventy-five  feet  above  tide.  The  incum- 
bent materials  consisted,  mainl}',  of  gravelly  cla}'^  and  fragments  of 
the  native  rock,  which  belongs  to  tlio  Hamilton  group  of  the  New 
York  geologists,  and  are  such  as  constitute  the  greater  portion  of 
the  drift  in  that  region.  A  fragment  of  the  New  York  corniferous 
limestone  containing  Atrypa  reticularis^  the  outcrop  of  which  rock 
is  sevent3'^  miles  distant,  was  taken  from  the  incumbent  drift  near 
the  spot  where  the  bones  were  found. 

Having  made  several  visits  to  the  locality',  he  had  examined  the 
ground  and  the  evidence  of  the  exhumation  with  great  care,  and 
found  nothing  to  warrant  the  idea  that  the  bones  could  have  been 
buried  by  a  slide  of  the  surface  materials,  from  the  higher  positions 
in  the  vicinity.  By  the  favor  of  Maj.  Brown,  and  through  his 
assistants,  Messrs.  J.  S.  Beggs  and  J.  Hilton,  he  had  been  furnished 
with  profiles  and  cross-sections  of  tlie  deep-cutting  in  which  the 
bones  were  found,  with  accurate  measurements,  which,  together 
with  the  bones  and  portions  of  their  matrix,  he  now  submitted  to 
the  examination  of  the  section. 

Mr.  Redfield  also  presented  specimens  of  fossils  taken  from  two 
boulders  of  roclc,  in  the  drift,  near  Newark,  N.  J.,  which  belong, 
severally,  to  tlie  Delthyris  limestone  and  the  Oriskau}'  sandstone, 
of  tiie  New  York  sj^stem.  These  boulders  must  have  had  their 
origin  at  a  point  not  less  distant  than  the  valley  of  the  Rondout, 
the  nearest  outcrop  of  these  rocks  ;  having  thus  been  carried  over 
the  mountain  elevations  of  the  Shavvangunk  and  the  Highlands  by  the 
active  agencies  of  the  drift  period. 

Tlie  outcrop  from  which  these  drift  fossils  were  derived,  bears 
from  N.  to  N.  N.  W.,  from  the  place  where  the^^  were  found  ; 
the  distance  being,  perhaps,  seventy  miles.  The  outcrop  which 
furnished  the  Atrypa  above  mentioned  bears  north-northwesterly 
from  the  summit  where  the  bones  of  Vulpes  were  found. 


On  the  Trails  and  Tracks  in  the  Sandstones  of  the  Clinton 
Group  of  New  York:  their  probable  Origin,  etc.;  and  a 
Comparison  of   some  of  them  avith  Nereites  and  Myfianites. 
By  Prof.  James  Hall. 
These  trails  and  tracks  occur  on  thin  la3-ers  of  sandstone,  alternat- 
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ing  with  slialy  beds  in  the  lower  part  of  the  Clinton  Group,  in  the 
central  part  of  New  York.  The  most  conspicuous  are  those  pre- 
senting curved  or  meandering  lines  or  furrows  upon  the  surface  of 
the  sand}'^  bed.  From  their  character,  and  the  character  of  the 
surfaces  presenting  them,  they  appear  to  have  been  made  when  the 
bed  was  exposed  above  water,  or  beneath  shallow  water  only. 

It  has  already  been  shown,  in  the  Medina  sandstone  period,  that 
the  wave  lines  and  stranded  shells  upon  the  surface  of  the  thin 
sandy  laj'ers,  furnish  evidence  of  beaches  and  shallow  water.  The 
position  of  these  trails  is  a  little  higher  in  the  series,  and  in  the 
succeeding  group  ;  the  conditions  being  nearly  the  same  as  those 
during  the  deposition  of  the  Medina  sandstone. 

The  general  character  of  the  trails  here  noticed  is  that  of  a  mean- 
dering furrow,  more  deeply  depressed  at  the  two  sides,  elevated  at 
the  centre,  and  margined  by  a  slightly  elevated  ridge  of  sand,  which 
appears  to  have  been  pushed  outward  in  the  progress  of  the  animal. 
Others  of  them  are  a  simple  furrow  with  the  deepest  depression  in 
the  centre  ;  while  others  are  fimbriated  or  ciliated  along  their  whole 
extent ;  proving  that  thej'  were  produced  b3'  several  distinct  species 
of  animals.  In  their  general  character,  some  of  them  are  not  unlike 
the  trails  made  by  Natica  or  Littorina,  and  others  are  more  like  the 
meandering  trails  of  Idotea.  In  many,  the  great  length  of  the  mean- 
dering line,  which  crosses  and  re-crosses  itself  many  times,  seems  to 
indicate  that  the  animal  moved  rapidly  over  the  surface.  In  others 
the  trails  are  larger,  and  the  animal  probably  moved  much  more 
slowly,  the  length  being  often  limited  to  a  few  inches.  These  trails 
vary  greatly  in  size,  from  a  diameter  of  half  a  line  to  half  an  inch, 
and  the  smaller  ones  as  a  general  rule,  are  the  longest,  and  show 
more  re-crossings  than  the  larger  ones. 

Prof.  Hall  said  that  he  had  been  inclined  to  refer  many  of  these 
trails  to  gasteropodous  mollusks,  while  others  are,  perhaps,  due  to 
crustaceans,  analogous  to  Idotea.  These  trails  may  been  have  made 
upon  an  exposed  beach,  as  similar  trails  are  on  modern  beaches,  or 
they  could  have  been  made  beneath  water,  since  melania  and  other 
mollusks  make  similar  meandering  trails  or  furrows  beneath  shallow 
water.  The  fimbriated  trails,  however,  are  to  be  regarded  as  being 
made  by  a  different  animal,  the  character  of  which  is  not  very  ap- 
parent. 

The  specimens  which  I  have  here,  showing  the  characters  of  these 
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trails,  both  of  the  smaller  and  larger  varieties,  leave  no  doubt  as 
to  their  origin. 

There  is  also  here  a  verj^fineslab  of  sandstone,  with  a  fimbriated 
trail  upon  the  surface.  That  this  marking  was  made  by  some  body 
in  motion,  I  regard  as  certain,  not  only  from  its  association  with 
the  other  plain  tracks,  but  also  from  its  general  character.  In  this 
specimen  also,  the  animal  has  recrossedits  own  trail  several  times, 
obliterating  the  previous  one  at  that  point,  and  pushing  forward  the 
elevated  margins,  which  could  only  have  been  done  by  some  animal 
dragging  itself  over  the  surface.  Several  other  specimens  of  similar 
trails  are  also  shown  upon  other  specimens,  some  of  them  more  dis- 
tinct than  the  first  one,  though  of  less  extent,  and  one  much  resemb- 
ling the  impression  of  a  narrow-leaved  fern. 

These  trails  are  not  onl}'  exceedingly  interesting  in  their  geologi- 
cal associations,  and  as  showing  the  preservation  of  apparently 
slight  and  trivial  markings,  but  the}'  present  interesting  subjects  of 
inquiry  in  reference  to  the  comparison  with  other  remains  of  very 
similar  charactei",  which  have  beenreferred  to  the  Annelida.  I  mean 
the  Nereites  and  Myricmites,  first  described  bj'  Murchison  in  his 
Silurian  system.  I  have  had  no  opportunity  of  seeing  the  actual  spe- 
cimens there  described,  nor  any  from  those  localities,  but  I  have 
examined  all  those  described  by  Prof.  Emmons  from  the  rocks  of 
Maine  (specimens  of  which  were  shown  to  the  Section).  Many  of 
these  are  very  similar  to  the  fimbriated  trails  just  described,  and 
there  are,  moreover,  associated  in  the  same  slabs,  other  markings 
similar  to  the  plain  and  simple  trails  referred  to  Gasteropoda,  and 
which  possess  no  fimbrite  or  lateral  appendages.  Among  these 
Nereites  and  Myrianites,  it  will  be  seen,  also,  that  many  of  the  larger 
and  more  conspicuous  forms  are  shoit,  while  the  smaller  ones  are 
much  more  extended,  and  meandering  over  a  large  surface.  These 
so  regarded  fossil  bodies  preserve  no  remains  of  an  organic  bod}^ 
being  on  one  side  a  simple  longitudinal  depressed  furrow  maigined 
b}^  fimbriae,  while  the  opposite  layer  presents  a  simple  cast  of  this 
furrow  and  appendages.  Many  of  them,  bareh'  discernible  on  the 
surfaces  of  the  laminse  of  the  slate,  present  no  appreciable  difference 
of  color  or  character  from  the  surrounding  material,  and  preserve 
far  less  evidence  of  the  presence  of  an  organic  body  than  the  Grapto- 
lites  of  the  altered  slates  of  Hoosic,  in  New  York. 

I  will  also  mention,  in  thisconnection,  that  the  genus  Xemapodia, 
described  bj?^  Prof.  Emmons  as  a  congener  of  ^ereiYes,  and  found  in 
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the  silicious  slates  of  Washington  count}',  New  York,  has  been 
proved  to  be  the  trial  of  some  existing  animal,  made  in  passing 
over  the  exposed  surfaces  of  the  lamina,  and  producing  a  slight 
discoloration  and  the  destruction  or  removal  of  the  minute  Lichen 
which  covered  the  rock.  This  fact  is  mentioned,  merely  to  show 
how  slight  are  the  characters  preserved,  since  this  modern  trail, 
probably  of  a  slug,  had  been  regarded  as  analogous  to  the  others, 
and  being  the  remains  of  a  fossil  worm. 

In  continuation  of  this  subject,  I  would  say,  that  there  are  other 
markings  in  connection  with  the  trails  I  have  described.  These 
markings  are  notcontinuous,but  appear  as  if  made  by  some  animals 
possessing  hooks  or  claws  at  the  extremity  of  the  organs  of  motion. 
The  impressions,  or  tracks  in  question,  often  appear  as  if  made  by 
a  hook  or  claw,  planted  in  the  sand  and  drawn  obliquely  backward 
or  inward  on  either  side,  as  if  to  assist  the  animal  in  its  forward 
motion.  Other  impressions  present  the  marks  of  three,  four,  or  five 
hooks  or  claws,  arranged  like  the  impressions  of  toes  or  fingers  in 
the  tracks  of  quadrupedal  animals. 

These  impressions  of  toes  or  claws  are  so  distincth'  impressed 
and  so  well  preserved,  that  there  can  be  no  question  of  the  fact, 
but  it  is  difficult  to  reconcile  such  markings  and  our  general  opinions 
of  their  origin  with  the  fauna  of  the  period.  In  reviewing  the  fauna 
of  the  period,  we  shall  learn,  according  to  our  present  knowledge, 
from  the  remains  preserved,  that  there  are  no  animals  higher  in  the 
scale  than  fishes.  It  is  shown  to  be  impossible  that  crustaceans 
could  make  such  markings,  and  Trilohites  (the  only  crustaceans 
known  to  have  existed  at  this  period)  do  not  possess  appendages 
capable  of  making  such  impressions.  No  Saurian  or  Lizard-like 
animal  —  even  admitting  for  the  argument  that  they  may  have 
existed  at  that  period  —  could  have  made  footsteps  with  impressions 
of  five  toes.  It  seems,  therefore,  impossible  to  account  for  these 
markings  by  referring  them  to  any  of  the  known  organic  forms  of 
that  period.  After  endeavoring  for  a  long  time  to  account  for  them 
in  a  satisfactory  manner,  I  have  been  induced  to  regard  them  as 
having  been  made  by  fishes  as  they  propelled  themselves  forward 
over  the  sandy  bottom  in  shallow  water  ;  that  the  impressions  were 
produced  b}^  the  rays  of  the  fins,  striking  against  sand  as  they  were 
drawn  backwards.  It  will  be  seen  that,  instead  of  the  impression 
of  a  palm  or  heel  behind  the  five  toe-like  impression,  there  is  a  little 
elevated  knot  of  sand,  such  as  would  be  produced  by  an  animal 
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swimming  in  the  water  and  striking  the  bottom,  in  this  manner  piling 
up  a  little  ridge  behind.  This  view  is  the  onl}-  one  which  offers 
an}'-  satisfactory  explanation  of  the  facts,  and,  though  little  acquaint- 
ed with  the  markings  produced  by  fishes,  upon  the  bottom  of  the 
sea  or  otherwise,  he  hopes,  after  stating  this  view,  to  obtain  evidence 
from  other  sources  to  corroborate  or  invalidate  the  theoiy. 

Prof.  Hall  also  stated  that  he  had  sent  several  impressions  of 
the  engraved  plates  to  Sir  Charles  Lyell,  who  had  submitted  them 
to  Prof.  E.  Forbes,  and  that  he  had  appended  the  latter  gentleman's 
opinions  in  a  note  in  his  second  volume  of  Pal{eontolog3\  In  refer- 
ence to  the  trails  before  described,  Prof.  Forbes  thought  some  of 
them  like  those  of  Gasteropoda,  others  likePlanarian  worms,  while 
some  of  the  clam-like  impressions  were  similar  to  the  tracks  of 
fishes. 

This  elicited  an  animated  discussion,  particularly  between  Prof. 
Agassiz  and  Prof.  Rogers,  upon  the  subject. 

Prof.  Rogers  inquired  whether  Prof.  Hall  regarded  these  wave 
lines  as  having  been  made  on  a  beach  or  shore,  and  suggested  that 
the}^  miglit  be  made  at  great  depths  as  well. 

Prof.  Hall  explained  that  these  lines  differed  from  all  the  varie- 
ties of  ripple  marks,  and  were  such  as  could  not  be  made  beneath 
water,  referring  at  the  same  time  to  the  similar  markings  or  lines 
of  sand  bordering  and  making  the  outline  of  the  wave  upon  recent 
beaches. 

Prof.  Agassiz  remarked,  that  he  had  examined  the  locality-  in 
Lockport,  mentioned  by  Prof.  Hall,  and  had  become  satisfied  that 
they  were  the  lines  of  broken  shells  and  other  materials,  pushed 
forward  by  the  advancing  wave,  and  illustrated  their  position 
relative  to  the  ripple  marks,  trails,  stranded  shells,  pebbles,  etc., 
w^hich  had  before  been  alluded  to. 

Prof.  Rogers  objected  to  the  view  advanced,  since  he  was  able 
to  trace  the  same  kind  of  marking  on  a  great  part  of  the  same 
formation  in  Pennsylvania,  and  admitting  this  origin,  we  should 
have  a  very  extensive  beach. 

Adjourned. 

J.  B.  FELTON,  Secretary. 
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Fifth  Day,  August  18,  1849. 

SECTION  OF  ZOOLOGY. 

This  Section,  having  met  in  Universit}'  Hall,  was  organized  by 
the  appointment  of  Dr.  H.  I.  Bowditch,  as  President  for  the  day, 
and  of  Dr.  W.  I.  Burnett,  as  Secretary. 

On  some  new  Points  in  the  Morphology  of  Cells,  touching 
ITS  Analogy  to  that  of  the  Ovum.     By  Dr.  W.  I.  Burnett. 

The  time  has  long  been  passed  when  there  could  be  raised  a 
question  as  to  the  physiological  value  of  cells  as  the  basis  of  all 
organized  structures.  But  if  the  discussion  on  tliis  point  is  at  an 
end,  there  is  still  a  wide  field  left  open  to  the  investigator,  partic- 
ularly as  to  the  tracing  the  laws  of  the  formation  of  these  cells,  and 
their  analogies  in  almost  eveiy  point  of  view  with  the  different  ele- 
mentary processes  of  reproduction. 

It  is  a  fact  quite  remarkable  in  science,  that  the  discovery  of 
these  minute  particles,  as  being  the  basement  work  of  all  organisms, 
should  have  in  many  respects  so  completely  exhausted  the  subject, 
that  few  are  willing  to  prosecute  it,  and  reap  the  meagre  harvest 
that  seemingly  remains. 

Dr.  Schwann  in  1839  published  to  the  world  his  original  inquiries 
on  cell-life,  and  its  relation  to  organized  structures.  Since  then 
nearly  the  whole  zoological  world  have  fallen  in  with  his  views.  In 
this  comprehensive  work  certain  laws  of  cell-development  are  laid 
down,  based  upon  an  exceeding  number  of  trustworthy  observa- 
tions. These  have  become  so  familiar  to  every  naturalist,  that  a 
recital  of  them  might  be  unnecessary  ;  but  as  my  own  observations 
in  this  direction,  will  not  be,  in  that  case,  perhaps,  so  well  under- 
stood, I  shall  briefly  recapitulate  Schwann's  conclusions. 

1.  Cj'to-blastema,  or  organizable  liquid,  exists. 

2.  Dark  points,  or  minute  solid  bodies,  are  seen  in  this  cyto- 
blastema — these  are  nuclei. 

3.  From  these  nuclei  there  begin  to  arise  delicate  membranes, 
which  stand  off  from  the  nuclei  as  a  watch-glass  from  a  watch.  This 
membrane  gradually  extends  around  the  nucleus,  and  encloses  it  in 
a  shut  sac,  the  nucleus  being  still  attached  to  its  wall. 
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According  to  Schwann  and  Schleiden.  this  comprises  all  of  the 
morphology  of  cells  ;  and  in  their  later  works,  and  especially  those 
of  Schleiden,  they  distinctly  affirm  that  they  have  since  seen  nothing 
which  would  lead  them  to  take  a  different  view  of  the  formation  of 
these  minute  bodies.  According  to  these  worth}'^  observers,  a  nu- 
cleus alwaj's  exists  first,  or  if  that  nucleus  be  a  hollow  sphere,  a 
nucleolus  even  before  the  former  ;  and  from  and  around  a  nucleus, 
therefore,  the  cell-membrane  is  alwaj's  subsequently'  developed. 
They  therefore  make  quite  a  distinction  between  the  real  nature  of 
the  nucleus  and  that  of  the  cell,  and  do  not  regard  the  latter  as 
simply  the  adult  development  of  the  former. 

It  is  quite  pleasant,  I  am  well  aware,  to  have  arrived  at  an  ulti- 
mate unit}' of  a  grand  series  of  subsequent  phenomena  —  and,  were 
the  theoiy  of  Schwann  and  Schleiden  of  universal  application,  we 
might  well  rest  satisfied,  as  having  reached  the  ultimate  processes 
of  the  organized  world.  But  for  some  time  I  have  been  in  doubt 
as  to  the  universal  application  of  these  laws  of  cell-formation  ;  and 
some  observations  which  of  late  I  had  the  good  fortune  to  make, 
have  fully  settled  in  my  mind  that  animal  cells  arise  in  a  manner 
wholly  different  from  that  designated  by  Prof.  Schwann,  These 
observations  were  made  upon  some  cellular  tissues  of  rapid  growth, 
in  which  1  had  an  opportunity  to  watch  the  various  phases  of  de- 
velopment, from  the  lowest  to  the  highest. 

In  the  first  place  I  will  state,  that  through  a  long  course  of  ob- 
servation, I  have  never  been  able  to  perceive  cells  arising  from  a 
preexisting  nucleus,  according  to  the  theory  of  Schwann.  On  the 
other  hand,  they  have  alwa^'s  appeared  to  arise  according  to  this, 
which  I  call  a  new  method,  and  which  I  will  now  describe. 

These  observations  were  made  upon  the  epitiielial  cells  of  mucous 
membranes,  and  upon  pus-cells,  the  result  of  inflammation. 

In  the  first  place  there  appears  in  the  cyto-blastema  a  dark  point 
or  nucleus. 

2d.  This  nucleus  is  next  seen  to  be  a  hollow  sphere,  containing 
nothing  but  a  clear  liquid. 

3d.  This  clear  liquid  is  cloud}'  and  filled  with  minute,  immeasur- 
able granules. 

4th.  The  cloudiness  is  less  marked,  and  in  some  cases  nearly  ab- 
sent—  but  a  dark  body  is  seen  in  its  centre. 

5th.  By  this  time  the  cell-membrane,  or  the  walls  of  the  primal 
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micleiis  hollowed  out,  has  much  enlarged  ;  so  that  we  have  then  a 
distinct  nucleated  cell. 

6th.  This  nucleus  then  begins  to  be  holloAved  into  a  sphere,  as  did 
its  predecessor,  and  then  passes  like  that,  from  a  clear  to  a  cloudy 
vesicle,  until  the  formation  of  its  own  nucleus.  By  this  time  the 
outer  cell-membrane  bursts,  having  completed  its  term  of  existence  : 
this  having  taken  place,  the  nucleus  is  discharged,  and  we  have 
then  a  nucleated  cell,  as  before.  Sometimes,  however,  the  outer  cell- 
membrane  does  not  burst ;  we  have  then  a  nndeolated  cell ;  but 
this  is  not  the  most  common  manner  of  proceeding. 

Such  is  the  biography  of  a  cell,  according  to  this  mode  of  forma- 
tion ;  and  it  differs  from  that  of  Prof.  Schwann,  especiall}'  in  ad- 
mitting that,  as  to  real  nature,  the  nucleus,  in  these  cases,  differs 
not  from  the  cell.,  except  in  its  younger  and  more  imperfect  condi- 
tion, and  that  the  nucleus  is  formed  after  the  membrane.  How  far 
this  mode  of  cell-formation  is  ap[)licable  in  a  general  way,  future 
and  more  extended  inquiries  will  determine. 

It  now  remains  for  me  to  refer  for  a  moment,  to  an  anomalous 
modeof  the  reproduction  of  these  cells.  The  increase  in  the  number 
of  cells  takes  place  usuall}^,  I  think,  by  the  endogenous  method  just 
mentioned — that  is,  that  a  cell  is  formed  within  a  cell,  etc., — by  a 
mere  repetition  of  the  first  process.  But  with  some  cells,  and  partic- 
ularly those  belonging  to  epithelial  structures,  I  have  observed 
another  mode  in  their  propagation.  The  following  is  the  process  : — 

After  a  cell  with  its  nucleus  is  formed,  and  the  nucleus  is  filled 
with  granular  contents,  there  begins  to  appear  on  one  side  of  this  nu- 
cleus, now  properh'  a  cell,  a  slight  sulcus  ;  this  deepening,  the  cell  is 
finally  divided  in  two,  and  the  new  cells  thus  formed  have  all  the  ana- 
tomical characteristicsof  theold.  In  one  instance  I  think  I  have  seen 
one  of  these  subdivided  cells  divide  again  ;  but  a  single  scission  is 
most  often  observed.  It  siiould  be  remembered,  in  this  connection, 
that  these  were  purel}'  animal  cells,  and  having  no  claim  to  a  higher 
grade  of  organization  than  any  other  simple  cells  of  the  animal  econ- 
omy. These  two  points  necessarily  call  up  in  the  mind  some  pleasing 
analogies  of  the  processes  here  passed  through,  with  those  occurring 
in  tlie  formation  of  the  ovum.  I  refer  here  not  to  those  of  the  ovum 
described  b}^  Wagner,  but  to  some  observed  for  the  first  time,  I  think, 
by  Prof.  Agassiz.  It  was  early  in  the  Spring  of  1848,  that  this  last 
named  gentleman  made  quite  an  extensive  series  of  observations  upon 
the  development  of  the  ova  of  Radiata  and  Mollusks.  The  results  of 
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these   observations,  as  far  as  relate  to  the    matters   now  at  hand, 
are  briefl}^  the  following  : 

1st.  Dark  points  or  nuclei  in  a  homogeneous  matter  secreted 
from  the  ovary  and  contained  in  vesicles. 

2d.  These  nuclei  become  hollow  vesicles,  filled  with  a  clear  liquid. 

3d.  This  liquid  has  become  densely  cloudy. 

4tli.  Granules  begin  to  appear  in  this  cloud. 

5th.  In  the  midst  of  these  granules,  and  apparently'  by  a  kind  of 
condensation,  a  nucleus  appears. 

6th.  This  nucleus  has  a  dark  point  or  spot. 

"VYe  have,  then,  the  egg,  with  all  its  usual  constituents.  The  outer 
vesicle^  with  \\.%  granular  contents,  being  tbe  vitellus — the  nucleus^ 
the  germinative  vesicle;  and  the  darkjjoint  in  it,  the  germinative  spot. 

It  will  immediately  be  perceived  how  identically  the  phases  here 
passed  through,  as  described  by  Prof.  Agassiz,  agree  with  those  ob- 
served by  myself  as  occurring  in  animal  cells.  In  fact  the  grand  law 
of  development  here  sketched  out,  seems  to  be  the  same  in  both 
cases. 

Then,  again,  if  it  is  borne  in  mind  that,  in  these  observations  of 
my  own,  a  scission  or  fissuration  of  cells,  was  seen,  exactly  corres- 
ponding to  the  division  of  the  vitellus,  after  the  fecundation  of  the 
ovum,  we  shall  have  the  Morphology  of  an  animal  cell,  and  that  of 
the  ovum,  brought  upon  the  same  level ;  although  it  will  be  admitted 
that  physiologically  the}'  appear  somewhat  different ;  and  certainly  it 
would  seem  that  we  had  gained  a  point  of  some  importance  in  Histol- 
ogy and  Embryology,  b}'  thus  bringing  these  two  points  together  ; 
and  especially  as  indicating  that  development,  growth,  and  repro- 
duction— in  fact  the  whole  philosophy  of  life — rest  upon  a  single 
fundamental  law  in  the  production  of  cells. 

Tlie  identity  of  a  cell  and  an  ovum  has  heretofore  been  strongly 
insisted  upon,  not  so  much  from  observation  as  on  account  of  their 
apparent  siuiilarity  of  structure  ;  but  I  am  unaware  that  any  one  has 
heretofore  traced  from  actual  observation  their  morphological  iden- 
tity. 

I  cannot  here  dismiss  this  subject  without  at  least  alluding  to  a  col- 
lateral matter,  which  certainly  is  pleasing  to  the  imagination,  if  not 
important  as  a  matter  of  science.  When  Prof.  Agassiz  had  made  in 
the  spring  of  1848,  his  most  important  discovery  as  to  the  pri  mal  for- 
mation of  the  ovum,  a  very  pleasing  seeming  analogy  arose  in  his 
mind.  It  was  the  analogy  of  the  nebular  hypothesis  of  the  formation 
of  worlds,  with  the  formation  of  these  simple  elementary  particles  of 
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the  organized  world.  And  if  I  may  be  allowed  to  express  in  my 
own  language  the  idea  of  another,  the  analogy  in  detail  would  be 
the  following : — 

The  clear,  hyaline  liquid  of  the  vesicle  would  represent  the  so- 
called  "  all-pervading  ether  "  of  space.  The  subsequent  cloudiness 
of  this  liquid  of  the  vesicle  would  represent  the  appearance  of  mi- 
nute particles  of  matter  in  an  aeriform  condition.  And  the  con- 
densation of  this  opacity  into  a  solid  nucleus  would  typify  the 
so  supposed  condensation  of  minute  particles  in  space  into  a  world. 

But  there  is  another  fact  which  makes  this  analogy  still  more 
striking.  It  is,  that  after  the  ovum  has  thus  been  formed,  it  begins 
to  revolve,  from  some  unknown  power,  upon  its  own  axis,  and  con- 
tinues so  for  quite  a  length  of  time.  So  that,  allowing  the  imagi- 
nation to  be  carried  away  for  a  moment  with  the  beauty  and  force 
of  this  seeming  analog}^,  and  throwing  aside  all  controversial  points 
as  to  the  nebular  hypothesis,  we  have  portra3^ed  in  the  minutest 
particles  of  the  organized  world,  both  in  ova  and  in  animal  cells,  the 
pliilosophy  of  the  formation  of  the  s^^stems  of  worlds  around  us. 

This  last  I  do  not  bring  up  as  a  matter  of  pure  science,  but  as  one 
of  the  happiest  of  those  analogies  which  constantly  arise  in  the 
minds  of  naturalists,  bearing  upon  the  ajjparent  unity  of  idea  of 
everj'thing  around  us. 

Prof.  Gray  expressed  his  gratification  with  the  facts  stated  in 
Dr.  Burnett's  paper  ;  and  proceeded  to  make  a  few  remarks  upon 
the  formation  of  cells  in  plants.  He  said  that  vegetable  physiolo- 
gists had  not  been  satisfied  with  Schleiden's  view  of  the  formation 
of  the  cell,  and  he  had  noticed  that  Schleiden  himself  had  of  late 
appeared  to  be  dissatisfied  with  it.  As  to  the  fissiparous  mode  of 
cell-production,  spoken  of  by  Dr.  Burnett  in  the  above  paper,  he 
remarked  that  with  vegetable  cells  this  was  the  most  common  mode 
of  increase,  and  some  had  maintained  that  it  was  the  only  method. 
Prof.  Gray  then  referred  to  the  discoveries  of  Mohl  in  this  direction, 
which  had  at  length  convinced  Schleiden  that  cells  do  multiply  by 
scission. 

Prof.  Agassiz  remarked  that  he  was  satisfied  that  the  reason  why 
no  essential  progress  has  been  made  since  the  publication  of  Mr. 
Schw'ann's  paper  has  arisen  from  the  fact  that  the  cells  were  taken  for 
thesamecells  wherever  they  were  found,  instead  of  studying  the  cell- 
ular tissue  in  the  vegetable  and  animal  kingdom  separately.  The 
cells  of  allied  animals  should  be  compared,  to  ascertain  whether  there 
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are  not  particular  cells  corresponding  to  particular  types  of  ani- 
mals, so  that  we  may  recognize  different  animals  b^'^  their  cells,  as 
they  may  now  be  recognized  bj'  their  bones.  If  this  be  so,  a  far 
more  extensive  field  of  inquiry  is  opened  to  us  than  was  developed 
by  comparative  anatomy  half  a  century  ago. 

The  discoveries  of  Schwann  showed  that  animal  tissue  consists  of 
cells  as  well  as  vegetable  tissue.  But  the  botanist  and  the  zoologist 
must  each  study  their  subjects  separately.  The  cells  of  the  animal 
tissue  differ  strikingly  at  different  periods  of  life,  j'et  there  is  a  re- 
semblance between  the  cells  of  the  youngest  and  of  the  full  grown 
tissue.  There  is  a  complete  identity  of  structure  between  the  egg  in 
its  formation  and  the  formation  of  cells  in  full  grown  tissues.  The 
cells  in  full  grown  animal  tissue  are  for  the  purpose  of  reproducing 
tissue.  The  food  is  formed  into  cells,  and  a  great  part  of  it  passes 
off  at  the  surface. 

The  cells  produced  in  the  full  grown  animal  are  of  the  same  kind 
with  those  which  existed  in  its  earlier  period  of  life.  In  the  egg  it  is 
not  so.  We  have  first  an  isolated  cell.  Out  of  that  cell  must  be 
built  up  a  new  individual,  and  it  must  be  formed  by  the  successive 
growth  of  new  cells,  whicli  furnish  the  organs  of  which  it  consists. 
Thus,  in  the  egg  the  cell  produces  between  the  nucleus  and  its  outer 
wall  a  new  generation  of  cells.  These  cells  are  the  yolk  of  the  egg. 
In  the  centre  remains  still  the  nucleus,  which  may  produce  further 
developments. 

The  cell  which  produces  the  egg  may  grow  to  a  large  size,  but  the 
cells  of  vegetable  tissue  are  microscopic.  The  egg  cell  may  be  sur- 
rounded by  other  materials,  and  this  again  by  a  shell  to  protect  the 
whole.  We  never  see  a  structural  cell  surrounded  by  ahard  envelop. 
In  structural  cells,  as  soon  as  there  is  a  third  generation  of  nuclei, 
it  bursts,  but  the  germi native  cell  of  the  egg  does  not  die,  nor  the 
vitelline  membrane,  even  after  a  fourth  generation  of  cells.  Tiie 
granules  in  the  cloudy  matter  of  tlie  yolk  are  transformed  into 
larger  granules,  each  of  which  gives  rise  to  cells  ;  so  that  myriads 
of  cells  may  be  formed  in  a  short  time. 

Another  difference  between  the  ovarian  and  the  structural  cells  is, 
that  the  contents  of  the  ovarian  cells  may  be  dissolved  again  into  a 
homogeneous  liquid,  atacertain  periodof  development.  Tins  disso- 
lution takes  place  in  a  certain  stage  of  the  egg's  growth.  In  almost 
all  eggs,  afteragreat  amountof  cellsiii  the  vitelline  membrane  has 
been  formed,  the  genninative  vesicle  is  dissolved  and  its  contents 
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flows  into  the  vitellus,  which  undergoes  a  new  state   of  transfor- 
mation.    Tliis  is  the  period  of  tlie  first  appearance  of  the  germ. 

Tlie  changes  whicli  celestial  bodies  undergo,  as  far  as  astron- 
omers have  traced  them,  agree  with  the  changes  which  we  observe 
in  the  growth  of  ovarian  rather  than  of  structural  cells.  This  is 
because  these  condensations  in  space  are  the  process  by  which 
worlds  are  called  into  existence,  and  not  that  by  which  worlds  are 
sustained.  The  differences  which  Prof.  Agassiz  thus  pointed  out 
between  the  ovarian  and  the  structural  cells  he  thought  confirmed 
the  view  with  which  he  started. 


On  SOME  Bones  on  the  Dinornis  Nov^  Zealandi.e. 
By  Prof.  Chase. 

Prof.  Chase,  of  Brown  University,  exhibited  some  of  the  bones 
of  the  Dinornis  Novm  Zealandice,  upon  which  he  made  the  follow- 
ing remarks : — 

These  bones  are  from  New  Zealand.  They  were  placed  in  my 
hands  b^-  G.  M.  Fessenden,  Esq.,  of  Warren,  R.  I.  He  received 
them  from  Capt.  Mayhew,  of  the  whaling  bark  Powhatan,  who 
passed  several  years  on  the  north  island  of  this  group,  and  to  whom 
on  leaving  it  these  bones  were  presented  by  the  Chief  of  the  island. 
They  were  portions,  as  the  Chief  informed  him,  of  the  skeleton  of 
a  huge  bird,  which,  though  now  extinct,  was  remembered  by  the 
oldest  inhabitants.  They  compared  it  in  size  to  a  horse.  It  was 
exceedingly  ferocious,  and  so  powerful  as  to  make  it  dangerous  for 
a  single  person  to  encounter  it.  Indeed,  so  many  lost  their  lives  in 
such  encounters,  that  the  inhabitants  of  the  island  at  length  made  a 
general  war  upon  it,  and  after  much  hard  fighting  effected  its  exter- 
mination. Such  is  the  account  given  by  the  Chief,  of  this  gigantic 
bird — an  account  entitled,  it  is  probable,  to  about  as  much  credit  as 
the  analogous  traditions  which  prevailed  among  the  aborigines  of 
our  own  country  in  regard  to  the  extinct  mammoth. 

Captain  Mayhew  states  that  he  had  for  several  months  on  board  his 
vessel  a  box  containing  a  large  collection  of  bones  belonging  to  this 
bird, including  nearly  every  part  of  the  skeleton.  This  collection  had 
been  made  by  the  Rev.  Dr. Williams, Missionary  at  Povert}'  Ba3^,and 
was  afterwards  sent  out  by  him  to  England.  It  was  undoubtedl}-  one 
of  the  boxes  which  Prof.  Buckland  received  from  Dr.  Williams,  and 
from  the  contents  of  which  Prof.  Owen  prepared  the  papers  read  by 
19 
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him  in  1843  and  1846,  before  the  London  Zoological  Society,  on  a 
new  genus  of  struthious  birds,  for  which  he  proposed  the  name  of  i)t- 
nornis  Novae  Zeakuidioe.  The  bones  were  found  buried  in  the  mud 
deposited  by  the  fresh-water  streams  wliich  come  down  from  the 
mountains.  Many  of  them  were  in  a  very  perfect  condition,  so  that 
Prof.  Owen  was  able  to  determine  the  character  of  the  bird  from 
them  with  great  precision.  Since  then  still  larger  collections  of  the 
bones  have  come  into  his  possession,  not  only  confirming  his  pre- 
vious inferences,  bat  enabling  him,  in  several  instances,  to  extend 
them.  The  bones  have  undergone  but  little  change  in  their  com- 
position, nearly  all  the  animal  matter  being  still  retained  by  them. 

As  the  bones  which  lie  before  me  belong  to  more  than  one  of  the 
species  of  the  Dinornis,  and  are  the  first  it  is  believed  that  have 
come  to  this  country,  a  brief  recapitulation  of  the  principal  char- 
acteristics of  the  genus,  may  not  be  inappropriate  in  connection 
with  them. 

In  the  first  place  the  larger  species  of  this  genus  were  remarkable 
for  their  gigantic  size.  The  Dinornis  ingens  to  which  the  principal 
bone  upon  the  table  belonged,  must  have  been  at  least  twice  as 
large  as  the  ostrich  ;  and  yet  this  was  only  the  second  species  in 
point  of  size. 

The  genus  is  also  further  characterized  by  certain  peculiarities  in 
the  form,  structure,  and  proportion  of  the  several  parts  of  the  skele- 
ton. The  femur  presents  nearly  the  same  proportions  of  thickness 
to  length  as  that  of  the  ostrich.  There  is,  moreover,  no  air  hole 
at  the  back  part  of  the  neck,  as  in  the  Ostrich  and  Emeu,  showing 
that,  as  in  the  case  of  the  Apteryx,  the- interior  of  the  bone  was 
was  filled  with  marrow  instead  of  air.  It  is  not  quite  half  the 
length  of  the  tibia,  which  is  a  greater  disproportion  than  is  found 
iu  any  existing  birds  of  the  order.  The  tibia  is  remarkable,  not 
onl}^  for  its  great  proportional  length,  but  also  for  presenting  at 
the  anterior  concavit^^  just  above  the  distal  condyles,  a  complete 
osseous  canal  for  the  passage  of  the  tendon  of  the  great  extensor 
muscle.  This  canal  is  not  found  in  an}^  of  the  other  struthious 
birds.  The  crest  of  the  tibia  is  also  comparatively  little  devel- 
oped. The  tarso-metatarsal  bone  is  scarcely  longer  than  the  femur, 
and  consequentlj'  only  about  half  the  length  of  the  tibia.  In  the 
Emeu,  the  tarso-metatarsal  bone  is  as  long  as  the  tibia,  and  in 
the  ostrich  nearly  as  long.  In  the  Apteryx,  the  proportion  betvv^een 
the  two  bones  is  the  same  as  in  the  Dinornis.     The  distal  extremity 
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of  the  tarso-metatarsal  bone  shows  that  instead  of  having  two 
toes  like  the  Ostrich,  it  was  tridact3^1e,  in  this  respect  resem- 
bling tlie  Emeu,  the  RUea,  and  the  Cassowary.  In  the  Apteryx, 
there  is  a  small  fourth  toe  on  the  inner  and  back  part  of  the  foot, 
articulated  to  a  slightly  elevated  rough  surface  of  the  tarso-metatar- 
sal bone.  The  Dinornis,  therefore,  differs  generically  from  the  Ap- 
teryx,  wliich  it  resembles  more  nearly  in  the  structure  and  propor- 
tions of  the  leg  bones,  than  anj^  other  of  the  existing  Struthionidae. 

No  wing  bones  of  this  gigantic  bird  have  as  yet  been  obtained. 
It  is  inferred  from  the  keelless,  shield-shaped  sternum,  that  these 
organs  existed  only  in  a  rudimentary  state.  The  same  inference 
may  also  be  drawn  from  its  solid  skeleton,  the  air  penetrating  no 
part  of  it  except  the  vertebral  column.  In  the  Apteryx,  whose 
wing  bones  are  so  slightl}'  developed  that  they  can  be  discovered 
only  by  careful  dissection,  the  air  is  wholly  excluded  from  the 
skeleton.  Prof.  Owen  therefore  supposes  the  wings  of  the  Dinor- 
nis to  have  presented  a  degree  of  development  intermediate  be- 
tween that  of  the  Ostrich  and  the  Apteryx. 

Prof.  Owen  refers  the  bones  which  have  come  under  his  examina- 
tion, to  six  different  species.  In  distinguishing  these  species  he  is 
guided  principally  by  the  different  dimensions  of  the  bones,  which 
are  known  from  the  perfect  coalescence  of  their  primitively  distinct 
elements  to  have  belonged  to  adult  birds.  In  all  the  Struthionidae, 
the  skeleton  has  a  tardy  ossification.  The  Ostrich  when  two-thirds 
grown,  has  the  tarsal  bones  yet  distinct  from  one  another,  and  from 
the  metatarsal,  although  they  are  all  subsequently'  consolidated 
into  a  single  bone.  The  species  are  also  further  distinguished  by 
certain  differences  in  the  relative  size  and  proportions  of  the  several 
parts  of  the  skeleton. 

The  largest  species  for  which  Prof.  Owen  has  proposed  the  name 
of  Dinornis giganteiis,  had  a  femur  sixteen  inches  in  length  and  seven 
and  a  quarter  in  circumference.  The  tibia  was  thirty-five  inches 
long  and  six  and  a  half  in  circumference,  and  the  tarso-metatarsal 
bone  eighteen  and  a  half  inches  long  and  five  and  one-half  in  circum- 
ference ;  making  the  entire  leg  when  straightened,  five  feet  nine  and 
a  half  inches  in  length.  The  corresponding  bones  in  the  leg  of  the ' 
Ostrich  measure  three  feet  nine  and  a  half  inches,  having  severally 
about  the  same  proportional  thickness.  The  averageheight  of  the 
Ostrich  is  seven  feet.  If  we  suppose  the  other  parts  of  the  skeleton 
of  the  Dinornis  giganteus  to  have  borne  the  same  proportion  to  those 
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of  the  Ostrich  as  the  bones  of  the  leg,  its  height  must  have  been  be- 
tween ten  and  eleven  feet ;  or  if  we  suppose  the  proportions  to  have 
been  those  of  the  Cassowary,  its  height  must  have'been  between  nine 
and  ten  feet.  In  either  case  its  weight  must  have  been  three  times 
that  of  the  largest  living  bird.  From  the  size  of  the  distal  extremity 
of  the  tarso-metatarsal  bone  as  well  as  from  that  of  two  or  three  pha- 
langeal bones  that  were  in  the  collection.  Prof.  Owen  supposes  the 
footprints  of  the  D.  giganteus  must  have  exceeded  the  largest  of 
those  which  are  found  in  the  sandstone  of  the  valle}'  of  the  Connecticut. 
Fragments  of  the  shells  of  eggs,  belonging  it  is  probable  to  the  spe- 
cies, were  also  received  along  with  the  bones,  indicating  by  their 
slight  concavity  the  great  size  of  the  eggs.  Thej^  are  not  pitted  like 
the  eggs  of  the  Ostrich,  but  marked  by  short  interrupted  grooves, 
running  in  different  directions.  The  young  of  the  giganteus,  when 
first  hatched,  must  have  been  nearly  as  large  as  an  ordinary  turkej'. 

The  second  species — the  Dinornis  ingens — was  intermediate  in 
^ize  between  the  D.  giganteus  and  the  Ostrich.  The  tibia,  which 
belonged  to  it,  is  twenty-nine  inches  in  length  and  six  and  a  half 
inches  in  circumference  at  its  middle  part.  The  three  bones  forming 
•the  leg  together  measures  four  feet  and  seven  inches.  Thej^  were 
proportionally  thicker  than  either  those  of  the  D.  giganteus  ov  those 
of  the  Ostrich.  The  height  of  the  D.  ingens  raaj-  have  been  from 
.eight  to  nine  feet. 

The  third  species  in  respect  to  size  is  the  Dinornis  strulhoides. 
It  was  about  theheiglitof  the  Ostrich,  but  of  more  robust  proportions. 

The  fourth  species  is  the  Dinornis  dromioides,  supposed  to  be 
about  as  large  as  the  P2meu,  whose  average  height  in  captivity  is 
•between  five  and  six  feet. 

The  fifth  species,  the  Dinornis  didiformis,  was  about  four  feet  in 
height,  being  somewhat  larger  than  the  extinct  Dodo,  winch  it  re- 
sembled in  the  robustness  of  its  proportions.  This  fragment  of  bone 
is  a  part  of  the  tibia  of  the  didiformis. 

Tlie  sixth  species,  the  Dinornis  otidiformis,  is  believed  to  have 
.been  about  the  size  of  the  great  Bustard  {Otis  tarda)  from  which  it 
is  named. 

Of  the  distribution  of  these  several  species  among  the  different 
islands  of  New  Zealand  I  am  unable  to  speak,  nor  am  I  prepared  to 
•otfiir  viuy  remarks  upon  the  circumstances  which  may  have  given  rise 
to  the  development  of  so  extraordinary  a  family  of  birds  upon  these 
.islands.    From  the  rcmai-kable  preservation  of  their  remains,  as  well 
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as  from  the  circumstances  under  wliicli  they  are  found,  then'  extinc- 
tion is  believed  to  have  taken  place  at  a  comparatively  recent  period. 
Like  that  of  the  Dodo,  it  was  probably  effected  through  the  agency 
of  man. 

Upon  the  conclusion  of  Prof.  Chase's  remarks,  Mr.  "Wells  ob- 
served that  bones  of  similar  character  had  been  found,  in  red  sand- 
stone, in  South  Hadle}',  Mass.,  b}^  some  Irish  laborers,  while  excava- 
ting a  canal.  Unfortunately  they  were  destroyed  ;  but  the  engineer, 
whose,,  testimony  was  reliable  in  the  matter,  had  informed  him 
that  some  of  the  bones  were  larger  than  the  leg  bones  of  the  horse. 

Prof.  Agassiz  here  spoke  of  the  importance  of  preserving  even 
the  smallest  portion  of  bones  of  this  character  ;  as,  by  the  aid  of 
comparative  anatomj',  the  m3'sterious  track  in  the  red  sandstone 
miglit  thus  be  explained. 

Dr.  GiBBES  exhibited  some  specimens  of  the  onlj^  fossil  birds' 
bones  which  have  been  discovered  in  this  country.  They  came 
from  South  Carolina. 

Prof.  Agassiz,  alluding  to  the  tradition  mentioned  b}-  Prof. 
Chase,  with  regard  to  the  bones  he  had  exhibited,  said  that  he 
thought  such  traditions  afforded  no  evidence  that  these  extinct 
species  of  animals  had  existed  within  the  historical  period.  Similar 
traditions  existed,  in  Siberia,  with  regard  to  the  Mammalia  found 
there  ;  and  like  traditions  also  were  common  among  North  American 
Indians.  But  there  is  no  geological  evidence  of  the  existence  of 
man  with  extinct  species  of  animals. 

To  this  Mr.  Mantell  replied,  that  such  evidence  had  recently 
been  discovered.  Bones  of  this  character  had  been  found,  by  his 
brother,  in  the  bed  of  a  stream,  in  some  loose  sand,  where  evidently 
was  once  the  channel  of  a  river.  Digging  down,  he  found  the 
evidence  of  extinct  fires  ;  and  in  these  charred  places  were  found 
bones  of  this  character,  together  with  human  bones,  those  of  a 
dog,  the  remains  of  shell-flsh,  and  fragments  of  egg-shells  curved 
in  the  contrary  direction  bj'^  the  action  of  fire.  The  skin  and  beak 
of  this  monster  bird  had  been  found  in  this  place.  The  reason  for 
supposing  the  animal  to  have  been  contemporaneous  with  man  was, 
that  the  bones  presented  a  w^hite  appearance,  which  can  only  be 
produced  b}^  burning  tlie  bones  while  they  contain  animal  matter. 
Mr.  Mantell's  father(Dr.  Mantell,  of  London)has  recentl}^  read  a 
paper  on  this  subject  before  the  Royal  Societ}^,  at  Loudon. 
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On  the  Metamorphosis  of  Fluvicola  Herricki.     By  Dr. 
Le  Conte. 

Dr,  Le  Conte  made  some  remarks  on  the  transformation  of  Fluvi- 
cola Herricki,  De  Kay,  into  the  pupa  state.  A  similar  animal  was 
known  many  years  before  to  European  zoologists  under  the  name 
of  Scutellaria  aonerilandica.  The  present  species  was  observed  in 
great  numbers  at  Niagara,  at  the  middle  of  June.  Before  chang- 
ing into  the  pupa  state,  they  leave  the  water  and  attach  themselves 
to  the  under  surface  of  stones  at  the  edge  of  the  rapids.  The 
elliptical  shield,  by  means  of  its  ciliated  margin,  adheres  closely  to 
the  rock,  being  cast  with  the  larva  skin,  and  forms  a  protection 
under  which  the  subsequent  changes  take  place. 

The  homologies  between  Fluvicola  and  the  ordinary  water- 
breathing  larvae  were  then  pointed  out ;  the  onh^  difference  being 
the  prolongation  of  the  dorsal  epidermis  beyond  the  margin  of  the 
bod3^  Similar  prolongations  were  instanced  in  several  orders  of 
insects.  Dr.  Le  Conte  was  still  in  doubt  respecting  the  nature  of 
the  perfect  insect  produced  from  this  pupa,  but  was  inclined  to  be- 
lieve it  belonged  to  the  order  Neuroptera.  Farther  investigations 
have  shown  it  to  be  truly  Coleopterous,  and  belonging  indeed  to 
the  genus  EurypaJpus  Dej,  a  curious  genus  of  aquatic  habits,  but 
allied  to  Cyphou  and  Lampyris. 

The  meeting  then  adjourned   to  meet  the  Geological  Section. 

W.  I.  BURNETT,  Secretary. 


Sixth  Day,  August  20,  1849. 
GENERAL  SESSION. 

The  Association  met  at  10  o'clock,  a.  m.  The  minutes  of  the 
last  meeting  were  read. 

The  following  resolutions,  recommended  by  the  Standiug  Com- 
mittee, were  then  passed  :  — 

Resolved,  That  a  special  meeting  of  the  Association  be  held  at 
.Charleston,  S.  C,  on  the  second  Tuesday  of  March  next. 

Hesolved,  That  no  paper  be  read  before  the  future  meetings  of  this 
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Association  unless  an  abstract  of  it  has  been  previously  presented 
to  the  Secretary, 

Resolved,  That  hereafter  all  books,  charts,  maps  and  specimens, 
which  may  be  presented  to  the  Association,  shall  be  given  to  the 
Smithsonian  Institution. 

The  President  announced  the  following  Committee  on  Lieut. 
Mauky's  communication  on  Winds  and  Currents: — President 
Sparks,  Prof.  Lewis  R.  Gibbes,  of  South  Carolina ;  Prof.  Ben- 
jamin Peirce,  Cambridge ;  W.  C.  Redfield,  Esq.,  of  New  York  ; 
J,  Ingersoll  Bowditch,  Esq.,  Boston ;  Prof.  A.  Guyot,  Cam- 
bridge. 

A  resolution  for  the  appointment  of  a  committee  to  report  on  the 
progress  of  the  science  of  Mineralog}^,  offered  by  Mr.  Moss,  of 
Philadelphia,  was  referred  to  the  standing  committee. 

The  following  resolutions  were  offered  b}^  Dr.  Gray: 

Resolved,  That  a  manual  or  manuals  of  scientific  observation  and 
research,  especially  adapted  to  the  use  of  the  American  inquirer, 
comprising  directions  for  properly  observing  phenomena  in  every 
department  of  physical  science,  and  for  making  collections  in  nat- 
ural histoiy,  etc.,  whether  on  land  or  at  sea,  is  much  needed  at  tlte 
present  time  ;  and  that  such  a  publication  placed  in  the  hands  of  offi- 
cers of  the  army  and  navy,  of  voyagers  and  travellers,  would  greatly 
tend  to  develop  the  natural  resources  of  our  extended  countrj',  and 
to  the  general  advancement  of  science. 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  cordially  recommends  the  Smithsonian  Institution  to 
undertake  the  preparation  of  such  a  volume,  under  the  editorial 
superintendence  of  its  Secretary,  to  be  published  in  its  series  of 
reports. 

Resolved,  That  this  Association  will  cordially  cooperate  in  the 
production  of  such  a  manual,  or  manuals,  in  whatever  manner  maj' 
be  best  adapted  to  secure  the  end  in  view. 

These  resolutions,  after  some  discussion,  w^ere  referred  to  the 
Standing  Committee. 

The  Secretary  then  announced  the  programmes  of  the  Sectional 
meetings  for  the  da3\ 

Adjourned  to  meet  in  Sections, 

E.  N.  HORSFORD,  Secretary. 
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Sixth  Day,  August  20,  1849. 

SECTION  OF  MATHEMATICS,  PHYSICS  AXD  ASTRONOMY. 

Prof.  Snell,  of  Amherst,  was  elected  chairman. 

A  communication  Avas  made  on  Meteorological  Instruments, 

by  Prof.  GuYOT. 

[Not  received.] 


A    COMMUNICATION    ON    GENERAL    TaBLES     FOR    THE    REDUCTION    OP 
THE    APPARENT    PLACES    OF    StARS.       By    PrOF.    HuBBARD. 

[Not  received.] 

This  communication  was  followed  bj'  remarks  from  Lieut.  Davis 
and  Mr.  Walker. 

On  motion  of  Prof.  Peirce,  it  was  voted  that  the  Standing 
Committee  be  requested  to  appropriate  as  much  time  as  possible  of 
to-morrow  for  the  discussion  upon  meteorological  instruments. 


Prof.  Mitchell,  of  Cincinnati,  gave  an  account  of  his  Improve- 
ments IN  THE  Application  of  the  Magnetic  Telegraph  to 
Astronomical  Observations. 

[Not  received.] 

This  gave  rise  to  an  animated  discussion  between  Prof.  Mitchell 
and  Profs.  Henry,  Peirce,  Bache,  and  Lieut.  Maury. 
At  a  quarter  past  two  o'clock  the  Section  adjourned. 


Afternoon  Sessioii. 

The  Section  met  in  the  Lecture  Room  of  the  CliemicalLaboratoiy, 
and  was  organized  b}'  tlie  choice  of  President  Sparks,  as  Chair- 
man. 

Dr.  Hare  presented  his  views  on  the  Theory  of  Tornadoes. 

This  communication  was  followed  by  a  discussion  in  which  Pro- 
fessors Henry,  Hare  and  Johnson,  and  Messrs.  Redfield  and 
Abbott  took  part. 

Adjourned. 

B.  A.  Gould,  Jr.,  Secretary. 
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SECTION  OF  CHEMISTRY  AND  METEOROLOGY. 
Henky  "\Yurtz,  Esq.,  in  the  Chair. 

On'  the  DETEUMfNATION  op  the  AY ATER  CONTAINED  IN  CRYSTALLIZED 

Sulphate  of  Quinine  (Disulphate  of  Quinine)  ,  and  a  Method 
for  testing  the  Purity  of  the  Commercial  Article.  By 
Dr.  C.  Linck,  Assistant  in  the  Cambridge  Laborator}^ 

Last  winter,  during  an  investigation  of  some  adulterated  sulphate 
of  quinine,  I  became  aware  that  the  formulaof  this  salt,  as  given  in 
later  books,  on  the  authority  of  Baup,  was  erroneous,  it  making  the 
amount  of  water  of  crystallization  too  large,  and  consequently  that 
of  the  quinine  and  sulphuric  acid  too  small. 

There  are  no  instances  on  record  of  deceptions  successfully  prac- 
tised by  mixing  cheaper  sulphates  with  this  drug  ;  such  adulterations 
being  too  easily  detected,  either  by  the  eye  alone,  or  at  least  by  sim- 
ple experiments.  For  this  reason  if  analysis  shows  a  suspected  arti- 
cle to  contain  exactly  the  amount  of  sulphuric  acid  which  is  contained 
in  pure  sulphate  of  quinine,  there  can  be  no  simpler  or  stronger  proof 
than  this  of  its  purity.  If,  on  the  other  hand,the  amount  of  sulphuric 
acid  is  found  to  be  less,itisevident  that  the  article  is  impure.  Tlie 
accurate  determination  of  sulphuric  acid  being  a  very  easy  matter, 
this  method  of  testing  the  purity  of  that  important  medicine  ap- 
peared to  me  to  be  very  convenient,  provided  the  exact  composition 
of  it  was  perfectly  understood. 

For  this  reason  I  entered  upon  a  re-investigation  of  the  subject, 
as  soon  as  I  found  that  the  quantity  of  sulphuric  acid  in  the  pure 
commercial  salt  did  not  agree  with  the  amount  calculated  from  the 
existing  formula  of  this  compound. 

Ifoundthree  different  samplesofsulphateof  quinine agreeingper- 
fectly  well  in  their  composition,  and  containing  10.04  per  cent  of 
acid,  and  about  9  per  cent  of  water,  instead  of  8.94  per  cent  of  acid, 
and  16  percent  of  water,  which  Baup's  formula,  (2OSO3HO-I-SHO,) 
Avould  require. 

Pure  commercial  sulphate  of  quinine  wasre-cr^'stallized,  one  por- 
tion from  water  and  another  from  alcohol.  The  crystals  were  col- 
lected, quickly  dried,  and  pressed  between  blotting  paper.  The  water 
was  determined  by  drying  the  substance  first  in  a  Avater  bath,  and 
ultimately  in  an  oil  bath  at  130°C.  The  residue  was  then  taken  from 
the  watch  glass  by  dint  of  dilute  hydrochloric  acid,  carefully  rinsed 
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into  a  small  beaker  glass  and  the  sulphiivic  acid  precipitated  by  chlo- 
ride of  barium.  — 0.449  grra.  of  salt  cr3'stallized  from  water  gave  : 
water=r0.838  grra. ^8. 28  per  cent,  and  sulphate  of  barytai=0.l345 
grm.  corresponding  to  10.06  per  cent  of  sulphuric  acid.  0.819  grm. 
of  salt  crystallized  from  alcohol  gave:  water^O.073  grm. =8. 91 
per  cent  and  sulphate  of  baryta=:0.228  grm.,  corresponding  to  9.57 
per  cent  sulphuric  acid.  0.517  mgrm.  of  the  same  gave:  water 
0.0415  grm.rr:8.03  per  cent ;  sulphuric  acid  not  determined. 

An  article  with  the  label  of  Dennis  and  Rosengarten,  Philadel- 
phia, without  being  pressed  betw^een  blotting  paper,  yielded, 
I.  II.  III. 

Water,     .     .     10.46  per  ct.       10.63  per  ct.  lO.oO  per  ct. 

Sulphuric  acid,  9.51       "  9.72       "  9.56       " 

In  order  to  see  how  far  the  different  commercial  articles  might 
agree  with  each  other  in  their  composition,  I  determined  the  sul- 
phuric acid  in  the  following  four  samples,  after  having  freed  them 
from  adhering  moisture  by  passing  them  between  blotting  paper. 

(A)  French  quinine,  purified  by  re-crystallization. 

(B)  Quinine  sold  with  the  label  "London  Alkaloid  Company." 

(C)  Quinine  from  Dennis  &  Rosengarten,  Philadelphia. 

(D)  An  article  adulterated  with  mannite,  French  label. 

(a)  I.     10.11  per  ct.     II.   10.05  per  ct.     Mean,  10.0a  per  cent 

sulphuric  acid. 
(&)  I.     10.08  per  ct.  II.  9.98  per  ct.      Mean,  10.03  per  cent 

sulphuric  acid. 

(c)  I.     10.08  per  ct.  II.  0.99  per  ct.     Mean,  10.03  per  cent 

sulphuric  acid. 

(d)  I.     7.49  per  ct.      II.  7.32  per  ct.      Mean,  7.41  per  cent 

sulphuric  acid. 

The  mean  of  the  percentage  of  the  three  first  samples  is  10.04  per 
cent ;  they  were  pure  articles,  and  agreed  well  in  their  composition. 
The  quantity  of  sulphate  of  quinine  in  the  fourth  is  expressed  by  the 
fraction  y^Vf  which  gives  a  percentage  of  73.8  of  salt  and  26.2 
per  cent  of  impurities. 

Efflorescence  of  the  salt.  Several  lots  of  pure  crystals  were  ex- 
posed to  the  open  air,  in  a  moderately  warm  room,  for  the  space  of 
from  a  week  to  ten  da3^s.     They  yielded  : 

I.  II.  III. 

Water,  .     .     .     4.07  per  ct.         6.28  per  ct.         5.73  per  ct. 

Sulphuric  acid,  10.30       "  10.35       "  10.33       " 
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It  will  be  seen  that  nearly  one-half  of  the  water  which  can  be  ex- 
pelled in  the  oil  bath  is  lost  b\^  mere  exposure  to  the  air ;  but  it 
seems  that  about  five  per  cent  of  other  water  cannot  be  expelled 
without  the  aid  of  heat,  for  the  lot  which  was  examined  first  had 
lost  more  water  than  the  subsequent  samples. 

In  order  to  see  whether  after  drying  in  the  oil  bath  any  water 
of  constitution  was  left  behind  or  not,  the  carbon  and  hydrogen  of 
the  compound  were  determined  by  means  of  combustion  with 
chromate  of  lead. 

I.  0.413  grms.  of  salt  gave  :  carbonic  acid  =  0.977  grms.  ;  water 
=  0.252  grms.     C.=  64.40  per  cent.     H.=  6.77  per  cent. 

II.  0.420  grms.  gave:  carbonic  acid,  0.989  grms.;  Avateri= 
0.273  grms.     C.=  64.24.     H.=  7.22  per  cent. 

III.  0.3823  grms.  gave  :  carbonic  acid  =  0.903  ;  water  =  0.237 
C.=  64.41.     H.=  6.88  per  cent. 

These  results  agree  very  well  with  those  of  the  current  supposi- 
tion that  sulphate  of  quinine  after  being  thoroughly  dried  in  the 
oil  bath  retains  but  one  equivalent  of  water.  Its  formula  is  (2Qj 
HO  .  80.3=  2  (C^Hj,NO.)   -hSO.,) 

It  contains  carbon  and  hydrogen. 

Calculated.  Found. 

C.     64.32  per  cent.         64.40—         64.24—     64.41 
H.       6.69       "  6.77—  7.22—       6.88 

As  to  the  quantitj'of  waterof  crj'stallization  which  can  be  expelled 
by  the  oil  bath  from  the  original  salt,  a  small  calculation  shows  that 
four  equivalents  of  it  would  amount  to  8.79  per  cent,  a  quantity  which 
agrees  well  enough  with  the  experiments  as  stated  above  (2QH0- 
SO3  -|-  4Aq.)  must,  therefore,  be  accepted  as  the  formula  of  freshly 
crystallized  disulphate  of  quinine.  The  quantity  of  sulphuric  acid 
corresponding  to  this  formula  is  9.80  per  cent.  Two  equivalents  of 
water  of  cr3'stallization  correspond  with  4.60  per  cent  of  water  that 
can  be  expelled,  and  this  is  the  salt  which  remains  when  the  first  salt 
has  been  exposed  for  some  time  to  a  moderately  warm  atmosphere. 
Thus  two  equivalents  ofwater  are  lost.  Baup  makes  this  loss  amount 
to  four  equivalents,  and  Soubeiran  even  to  six,  probably  in  conse- 
quence of  their  having  experimented  with  a  preparation  to  which 
a  great  deal  of  moisture  was  still  adhering.  (2QHOS03-f-  2H0) 
calls  for  10.25  per  cent  of  sulphuric  acid.  Baup  and  Phillips  also 
sa}'  that  they  had  found  that  sulphate  of  quinine,  after  having  been 
dried  at  100°  C.  gives  out  two  more  equivalents  of  water  in  an  oil 
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bath  at  120°  C.  I  have  persuaded  myself  that  the  salt,  after  hav- 
ing been  exposed  to  a  water  bath  for  several  hours,  does  not  lose 
any  more  water  when  brought  into  an  oil  bath  heated  to  130°  C. 

Baup  further  states  that  disulphate  of  quinine  fuses  in  its  own 
water  of  crystallization  when  heated  to  100°  C.  With  none  of  the 
samples  which  have  come  under  my  notice  have  I  been  able  to  see 
this  assertion  verified. 

Dr.  F.  Bache,  of  Philadelphia,  remarked  that  the  subject  was  one 
of  very  great  importance,  as  tending  to  protect  us  against  an  impure 
article  of  sulphate  of  quinine.  But  he  thought  there  might  be  a  de- 
fect in  the  method  proposed  by  Dr.  Linck.  If  there  were  any  other 
article  that  would  saturate  sulphuric  acid  as  well  as  quinine,  it 
would  not  be  detected.  He  did  not  recollect  but  one  article,  and 
that  was  salycine,  which  was  a  much  cheaper  article  than  quinine. 

Dr.  LtNCK  said  he  was  aware  of  the  objection  made,  but  he  had 
not  been  able  to  find  any  article  which  could  be  used  for  adultera- 
tion of  sulphate  of  quinine,  which  would  not  be  detected  in  the 
manner  he  had  described. 

He  stated  that  salycine,  according  to  the  best  authorities  did  not 
form  any  neutral  salt  with  sulphuric  acid,  and  that  he  could  not 
think  of  any  organic  sulphate,  cheaper  than  that  of  quinia,  and 
liable  to  be  used  as  an  adulteration.  Sulphate  of  aunnonia  and 
metallic  sulphates  when  present,  were  easily  detected  by  qualita- 
tive tests,  so  that  nobody  would  venture  to  use  them. 


On  the  Electro-Dynamic  Forces.     By  Prof.  Lovering. 

The  mechanical  forces  at  the  foundation  of  electro-dynamics  are, 
1.  That  currents  which  run  in  the  same  direction  attract  one  an- 
other ;  and  2.  That  currents  which  run  in  opposite  directions  repel 
one  another.  It  is  understood  that  currents,  not  parallel  are  run- 
ning in  the  same  direction,  if  both  move  towards  or  both  move  from 
the  point  or  line  which  represents  their  shortest  distance  from 
each  other. 

These  forces  coml)ined  with  Ampere's  electro-dynamical  view  of 
magnetism  are  sulllcient  to  explain,  not  only  the  action  of  currents 
upon  currents,  and  of  currents  upon  magnets,  but  also  the  polar 
forces  in  ordinary  magnetism.  These  forces  constitute  the  prime 
mover  in  all  electro-magnetic  machines.  Under  this  description 
are  comprised  all  those  machines  which  are  moved  b}'  any  combi- 
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nation  of  currents  of  electricit}^,  as  well  as  those  which  employ 
the  force  of  iron  thrown  into  a  magnetic  state  by  the  electrical 
current.  In  one  sense  they  are  all  electro-magnetic.  For  the 
attractions  and  repulsions  of  currents  are  all  which  need  be 
supposed,  in  the  last  analysis,  to  explain  magnetism. 

Still,  a  general  division  of  these  machines  may  be  made  with  ad- 
vantage into  two  great  classes.  I.  In  the  first  class,  I  place  those  in 
which  the  axis  of  motion  is  so  related  to  the  other  parts  that  the  latter, 
which  are  attracted  or  repelled,  may  come  into  the  direction  of  the 
acting  forces.  When  tliis  direction  has  been  reached,  the  motion  of 
such  machines  will  cease  unless  a  break-piece  or  pole-changer  is 
used.  II.  In  the  second  class,  I  place  those  machines  in  which  the 
axis  of  motion  is  such  that  tlie  motion  does  not  essentially  cliange 
the  relative  position  of  the  attracting  or  repelling  parts  of  the  cur- 
rents which  produce  it.  In  this  case  the  motion  will  continue  as  it 
has  begun,  so  long  as  the  currents  retain  their  vigor.  In  this  class 
of  machines,  wliere  one  current  is  at  right  angles  to  the  other,  the 
force  appears  as  a  tangential  one,  though  it  is  well  known  that  it 
can  be  anal3^zed  into  forces  of  direct  attraction  and  repulsion. 
When  the  currents  are  disposed  in  this  way,  they  must  act  all  the 
time  very  obliquely  upon  each  other  ;  on  this  account  such  machines 
are  much  more  delicate,  and  require  for  their  exhibition  much  more 
careful  manipulation  than  those  first  described. 

Each  of  these  principal  classes  admits  of  a  convenient  subdivision 
into  several  varieties.  1.  There  may  be  two  battery  currents  to  pro- 
duce the  motion.  2.  Tliere  ma}-  be  one  battery  current  and  a  steel 
magnet.  3.  There  may  be  a  battery  current  and  an  electro-mag- 
net. These  three  varieties  are  common  to  both  of  the  great  classes 
above  mentioned.  There  are  three  others  peculiar  to  the  first  class. 
4.  There  may  be  two  electro-magnets.  5.  There  ma}^  be  an 
electro-magnet  and  a  steel  magnet.  6.  There  may  be  an  electro- 
magnet and  a  revolving  armature. 

The  second  class  of  machines  does  not  admit  of  an  advantageous 
application  of  Schweigger's  multiplying  principle  to  make  up  for  the 
oblique  action  of  the  elementary  forces.  They  are  and  must  remain 
extremely  feeble  in  their  operation.  We  need  not  be  surprised  to 
learn  that  it  is  the  first  class  of  machines  which  has  been  principally 
studied  by  practical  men.  These  alone  exhibit  an  energy  of  action 
which  can  be  expected  ever  to  compete  with  other  mechanical 
agents.    On  this  account  the  latter  class  of  machines  has  been  left  to 
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be  investigated,  if  at  all,  by  men  of  science,  and  for  their  theoretical 
importance.  Many  improvements  have  been  made  in  the  apparatus 
used  to  repeat  the  experiments  on  tangential  forces,  which  employ 
the  2d  and  3d  varieties  of  machines  into  which  I  have  divided  the 
second  class.  For  the  exhibition  of  the  action  of  currents  upon  one 
another,  especialW  in  those  cases  where  the  forces  act  tangentially, 
little  has  been  added  to  the  electro -dj'namical  table  of  Ampere.  In 
Ampere's  apparatus,  which  has  the  merit  of  displaying  tlie  funda- 
mental forces  of  electro-dynamics  in  their  most  elementary  form 
powerful  batteries  are  requisite.  The  following  contrivances  are 
recommended  for  experimenting  upon  the  tangential  action  of  cur- 
rents. In  the  facility'  of  manipulation,  and  the  rapidity  of  motion 
produced,  the}'^  will  be  found  superior  to  Savary's  apparatus,  as  at- 
tached to  Ampere's  table. 

The  revolution  of  a  wire  frame,  around  the  pole  of  a  steel  magnet 
or  an  electro-magnet  is  afaniiliarexperiment.  Theor^Mudicates  that, 
if  the  same  fi'ame  were  sus[)en(led  in  a  similar  wa^'  on  one  of  the  ex- 
tremities of  a  compactl}'  wound  helix,  traversed  b}'  a  powerful  battery 
current,  a  similar  motion  would  be  produced.  Experiment  contirms 
this  deduction  from  theor}'.  But  the  experiment  is  in  this  case  much 
more  difficult  than  the  corresponding  one  which  suggested  it,  inas- 
much as  the  electro-dynamical  force  of  the  helix  is  very  inferior  to 
that  of  a  steel  magnet,  or  an  electro-magnet.  Still,  with  a  delicate 
ai)paratus  and  a  strong  battery,  a  rapid  revolution  may  be  obtained. 
Theory  also  indicates  that  if  the  wire  frame  were  suspended  inside 
of  a  hollow  helix,  on  a  support  erected  for  that  purpose,  it  would 
still  revolve.  The  manipulation  of  this  experiment  is  not  easy. 
It  can  be  made  to  succeed  by  using  a  wire  frame  with  only  two 
arms,  the  extremities  of  which  are  sharpened  to  tine  points  and  dip 
into  very  pure  mercury. 

Here  followed  a  description  and  exhibition  of  the  instruments. 
Fis;,  1  is  where  the  frame  is  hung   outside  of  the  coil.      Fig.  2  is 


Fig.  1. 
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the  apparatus  for  showing  the  revolution  inside  of  the  coil.  The 
frame  is  alreadj'  hung  upon  its  stand.  AYhen  the  experiment  is  tried, 
the  coil  (which  is  seen  at  H)is  slipped  over  the  frame  and  stand,  and 


Figure  2. 

rests  on  the  base-board.  The  current  enters  at  C,  passes  up  a  copper 
wire  into  the  mercury  basin  at  B,  thence  up  the  two  branches  of  the 
movable  frame,  down  the  pivot  and  the  metallic  stand  on  which  it 
rests,  and  by  a  wire  underneath  to  Z.  One  extremity  of  the  coil  H 
is  clamped  to  Z,  and  the  other  to  the  negative  pole  of  the  battery. 

The  failure  of  some  skilful  experimenters  in  obtaining  a  revolution, 
when  the  wire  frame  was  hung  upon  the  inside  instead  of  the  outside 
of  the  helix,  has  resulted  from  not  observing  the  rule,  so  well  under- 
stood when  magnets  are  used,  namely,  of  confining  the  action  to  a 
single  extremity  of  the  helix.  It  will  be  observed  that  the  arrange- 
ment is,  in  principle,  the  same  as  in  the  experiment  to  show  the 
revolution  of  mercur^^  the  radial  currents  of  which  move  by  the 
forces  exerted  between  them  and  the  circular  currents  in  the  coil  at 
the  margin  of  the  basin.  But  the  motion  is  much  more  distinctly 
observed  with  the  wire  frame  than  with  the  mercury,  and  the  rapidity 
of  the  motion  is  vastl}'  superior  to  what  can  be  produced  with  Sava- 
ry's  instrument,  to  which  we  have  already  alluded.  Moreover,  in 
this  way  of  conducting  the  experiment,  Ave  are  able  to  see  at  a  glance 
the  analogy  between  the  forces  here  active  and  those  which  carrj' 
the  frames  around  the  poles  of  the  magnet. 

In  the  two  experiments  ali'eady  described,  in  which  we  dispense 
altogether  with  the  use  of  iron,  it  makes  no  essential  difference 
Avhether  the  movable  wire  frame  is  inside  or  outside  of  the  helix.  It 
is  far  otherwise  wlien  we  place  iron  inside  of  the  helix,  converting  it 
into  an  electro-magnet.  When  the  wire  frame  is  suspended  on  the 
outside  of  one  extremity  of  this  electro-magnet,  it  revolves  much 
more  rapidly  than  if  the  helix  alone,  without  the  iron,  were  used. 
But  when  we  introduce  a  hollow  tube  of  sl#eet  iron  into  the  inside  of 
the  hollow  helix,  the  wire  frame  will  not  move  at  all,  though  it  turns 
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easily  from  the  action  of  the  same  helix  without  the  iron.  The  con- 
trasthereexhibited,sarprising  enough  when  firstobserved, is  still  just 
what  might  have  been  anticipated  from  the  electro-dynamical  theory 
of  magnetism  if  applied  to  this  particular  case.  This  theory  supposes, 
in  brief,that  magnetism  in  steel  and  iron  originates  in  electrical  cur- 
rents,circulating  round  each  particle, in  planes  at  right  angles  to  the 


Figure  3.  Figuue  4. 

magnetic  axis.  Let  the  figures  3  and  4  represent  horizontal  sections 
of  the  two  instruments,  whose  contrary  action  we  wish  to  illustrate. 
The  laro-e  circle  is  one  strand  of  the  helix.  The  small  circles  are  the 
circulations  around  the  particles  of  the  iron.  Arrows  show  the  di- 
rection in  which  we  suppose  the  currents  to  be  flowing.  As  the 
currents  of  tlie  iron  are  developed,  that  is,  directed  by  that  of  the 
helix,  their  direction  must  be  assumed  such  that,  in  the  parts  which 
are  nearest  to  the  helix,  they  may  coincide  with  that  of  the  battery 
current  in  this  helix.  The  dot  at  A  is  a  horizontal  section  of  one  arm 
of  tlie  revolving  frame.  If  we  examine  figure  3,  we  shall  see  that  the 
side  of  the  small  circle,  which  is  nearest  to  the  dot,  is  that  which  is 
also  nearest  to  the  helix  ;  whereas,  in  figure  4,  the  side  of  the  small 
circle  wdiich  is  nearest  to  the  dot,  is  that  which  is  farthest  from  the 
corresponding  arc  of  the  helix.  Hence  it  follows, that, in  the  first  case, 
the  most  efficient  half  of  the  magnet's  currents,  namely,  the  nearest 
half,  will  tend  to  turn  the  frame  in  the  same  direction  as  the  helix 
moves  it ;  while,  in  the  second  case,  it  tends  to  turn  it  in  the  con- 
trary direction.  Tlierefore,  in  one  instrument  the  iron  increases  the 
velocity, and  in  the  other  it  diminishes  it.  Any  considerable  diminu- 
tion of  the  moving  forces  will  destroy  the  motion  entirely  in  so  deli- 
cate an  apparatus  as  that  under  consideration,  unless  proportionally 
stronger  batteries  are  employed.  It  can  easily  be  imagined  that  the 
direct  action  of  the  helix  upon  the  frame,  and  its  indirect  action,  as 
propagated  through  the  iron,  are  exactl}^  equal  to  each  other  in 
amount, though  opposite  in  kind.  If  this  were  so,there  would  remain 
no  residual  power  to  move  the  frame,and  no  motion  could  be  expected 
however  much  the  strength  of  the  battery  current  were  increased. 
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Sixth  Day,  August  20,  1849. 

SECTION  OF  GEOLOGY  AND  PALAEONTOLOGY. 

Remarks  on  the  Geology,  Mineralogy,    and    Minks  of    Lake 
Superior.     By  C.  T.  Jackson,  U.  S.  Geologist. 

The  short  space  of  time  that  can  now  be  devoted  to  communica- 
tions made  to  this  Association  warns  me  that  it  will  be  necessary 
to  abridge  very  much  the  remarks  which  I  am  prepared  to  lay  before 
you.  I  would  willingly  have  refrained  from  any  thing  more  than  a 
few  oral  statements  of  the  new  facts  discovered  since  I  lastaddressed 
you  on  the  Geology  of  Lake  Superior,  were  it  not  necessary  for  the 
liistory  of  the  explorations  which  have  taken  place,  to  give  a  short 
chronological  account  of  what  has  been  done  b\'  others  in  bringing 
to  light  the  mineral  resources  of  this  remarkable  region,  and  for  my 
own  protection,  to  recall  to  your  memories  the  researches  that  I 
had  made  on  Lake  Superior  anterior  to  my  appointment  to  the  of- 
fice of  United  States  Geologist. 

The  unfortunate  relations  which  exist  between  myself  and  two  of 
my  late  assistants,  render  it  expedient  for  me  not  to  report  on  the 
districts  that  I  assigned  to  them  while  in  my  employ,  and  iience  I 
shall  not  represent  any  portions  of  those  particular  districts,  but 
only  those  which  were  personally  surveyed  and  explored  by  me. 
The  unity  of  plan  of  my  survey  has  been  destroyed  by  interference, 
and  since  it  is  no  fault  of  mine,  I  shall  leave  the  responsibility  to 
rest  where  it  belongs. 

It  should  be  remembered  that  the  value  of  the  native  copper  mines 
of  Lake  Superior  was  first  brought  before  the  public  by  me,  and  that 
I  took  the  responsibilitv  (notwithstanding  the  opinions  of  man}'  ex- 
cellent geologists  and  miners  were  opposed  to  my  views)  to  recom- 
mend mining  operations  on  Kewenaw  Point,  and  that  I  selected  and 
pointed  out  the  best  localities  for  mining  purposes.  It  is  known, 
also,  that  the  only  mines  thus  far  opened  in  a  proper  manner  have 
shown  that  my  predictions  relative  to  these  new  mineral  veins  were 
well  founded,  and  it  is  now  ascertained  that  veins  of  native  copper  can 
be  wrought  profitably.  Speculations  follow  for  a  while  in  the  wake 
of  all  promising  enterprises,  and  there  are  always  pseudo-geologists 
to  be  found  ready  to  sell  reports  that  can  be  used  in  this  business 
20 
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SO  ruinous  to  the  community  and  injurious  to  honest  adventures. 
Lake  Superior  has  had,  as  is  well  known,  its  speculation  fever. 

It  is  recorded  in  the  relations  of  the  French  Jesuit  fathers,  who 
visited  Lake  Superior  two  hundred  years  ago,  that  the  Indians  ob- 
tained a  great  abundance  of  native  copper  from  the  lake  shores,  and 
from  the  beds  of  rivers  that  flow  into  the  lake.  The  Indians  re- 
garded these  lumps  of  copper  as  presents  to  them  from  the  Mizis- 
zippi,  the  Great  Spirit  of  the  waters,  who  threw  them  up  from  the 
bottom  of  the  Lake.  They  cherished  them  as  holy  things,  and  spoke 
of  them  with  mysterious  reverence. 

The  Jesuits  nowhere  describe  veins  of  copper,  or  any  metal  in 
place,  and  do  not  mention  any  proper  mining  operations  as  having 
been  performed  by  the  Indians  ;  but  it  was  discovered,  in  the  dig- 
oinus  at  Eagle  River,  in  1844,  that  the  aborigines  had  extracted  the 
metal  from  the  veins,  and  had  made  knives  and  spear-heads  of  the 
sheet  copper  which  they  obtained.  This  observation  was  ver}'  inter- 
estino'to  me,  and,  on  searching  at  the  other  mines  I  invariabl}' found 
Indian  stone  hammers,  andproofs  of  superficial  mining,  bj'thenative 
tribes.  On  calling  the  attention  of  the  directors  of  mines  to  these  cu- 
riosities, they  readily  entered  into  the  work  of  searching  for  them  ; 
and  cartloads  of  Indian  tools  have  already  been  excavated  ;  and,  at  the 
North  West  Companies'  mines,  near  Eagle  Harbor,  there  was  a  de- 
pression of  six  feet,  in  the  metalliferous  lode,  where  the  Indians  had 
mined  outthe  sheetsof  copper.  Barrels  fuUof  hammers,  much  worn, 
were  thrown  out  of  this  old  excavation  ;  and  I  have  preserved  a  num- 
ber of  them  for  the  Government  collection.  It  is  an  error  to  suppose 
that  any  more  civilized  or  superior  race  of  people  did  this  work, 
for  the  tools  betray  their  true  Chippewaj^  origin,  and  are  such  as  all 
Northern  Indians  made  use  of  prior  to  the  coming  of  Europeans. 

I  am  perfectly  convinced  that  most  of  the  native  copper  veins, 
now  opened  and  wrought  by  European  and  American  miners  on 
Lake  Superior,  were  known  and  worked  superficially  by  the  red 
men,  hundreds  if  not  thousands  of  years  before  America  was  dis- 
covered by  Columbus. 

It  seems,  however,  that  at  the  time  of  the  early  Jesuit  missions  of 
the  French,  in  1640,  the  natives  had  either  ceased  to  work  the  metal 
from  the  veins  in  place,  or  that  they  concealed  the  fact  from  the  Jes- 
uit fathers.  The  latter  is  most  probably  the  case,  for  they  were,  as 
the  priests  acknowledge,  very  unwilling  to  tell  them  where  they 
obtained  their  native  copper,  and  it  is  probable  that  they  never  did 
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confess  to  them  tlie  true  localities  of  the  copper  lodes  ;  for  the  "  Rela- 
tions," published  by  the  missionaries,  although  they  mention  the 
abundance  of  native  copper  and  the  probability  of  their  being  good 
mines  that  might  be  profitably  wrought,  do  not  name  anj^  vein  or 
mention  any  copper  as  seen  in  the  rocks. 

So  soon  as  the  white  men  furnished  the  Indians  with  steel  tools 
and  weapons,  they  abandoned  the  copper,  and  hence  the  localities 
were  soon  forgotten,  and  had  to  be  re-discovered  by  modern  enter- 
prise. I  have  full  details  collected  of  all  that  was  published  by 
the  Jesuits  in  their"  Relacions,"  relating  to  the  copper  region,  and 
shall  give  an  abstract  of  them  in  my  Report  to  the  United  States 
Government  next  winter. 

Soon  after  the  close  of  the  French  war,  when  Canada  had  been 
yielded  to  Great  Britain,  Alexander  Henr}^  an  enterprising  English 
trader,  set  out  on  a  voyage  to  Mackinaw,  in  1760,  and  was  taken  a 
prisoner  by  tlie  Indians  on  the  capture  of  Fort  Mackinaw.  He  was 
adopted  as  a  brother  by  an  Indian  who  rescued  him,  and  travelled 
with  iiim  extensivelv  on  the  shores  of  Lake  Superior.  His  voyages 
extended  from  1760  to  1776,  and  in  1809  his  travels  were  printed 
in  New  York,  in  an  octavo  volume. 

He  describes  numerous  lumps  of  native  copper  which  he  saw  on 
the  Lake  shores  and  in  possession  of  the  Indians,  but  he  does  not 
mention  an}'  locality  where  the  metals  occur  in  place.  Mr.  Norberg 
found  a  mass  of  ore  that  proved  to  be  rich  in  silver,  but  it  was  a 
loose  pebble  on  the  beach  of  Point  Aux  Iroquois.  I  supposed  at 
one  time,  from  his  description  of  this  specimen,  that  it  might  have 
been  a  mass  of  chloride  of  silver,  but  am  now  disposed  to  believe 
it  was  native  silver  in  the  blue  vein-stone,  like  that  of  the  Copper 
Falls  mine.  Carver,  in  his  travels,  gives  some  account  of  native 
copper  on  the  Lake  shores,  but  his  statements  are  loose,  and  want 
that  truthful  simplicity  of  Henr3''s. 

In  more  modern  times  we  have  the  observations  of  Henr}'  R. 
Schoolcraft,  who  accompanied  Gen.  Cass  in  his  travels  on  the  Lake, 
and  who  visited  the  great  block  of  native  copper  at  Ontonagon,  an 
account  of  which  was  published,  with  a  plate,  in  the  American  Journal 
of  Science,  Vol.  III.  During  the  last  war  with  England,or  soon  after. 
Dr.  Francis  Le  Baron,  of  Plymouth,  visited  Lake  Superior,  and 
brought  home  a  piece  of  the  great  copper  rock  of  the  Ontonagon. 
I  remember  very  distinctly  a  large  copper  spoon  that  Dr.  Le  Baron 
had  made  of  this  specimen.     It  was  for  manj^  years  a  curiosity  in 
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Mr.  Tuft's  barber's  shop  in  Plj'moiitli,  and  now  is  in  tlie  collection 
of  Mr.  Charles  Cramer,  of  St.  Petersburg,  Russia. 

The  first  proper  scientific  explorations  in  the  mineral  lands  of 
Lake  Superior  were  made  by  my  late  friend,  Dr.  Douglas  Houghton, 
while  employed  as  the  State  Geologist  of  Michigan,  and  subsequently 
while  engaged  in  a  connected  Linear  and  Geological  Survey,  under 
the  direction  of  the  General  Government.  His  publications  were 
annual  reports,  in  which  he  described  the  geology  of  the  country, 
and  the  minerals  he  had  discovered.  He  withheld  any  designations 
of  localities  of  the  metals  and  ores,  giving  only  one  locality,  namely, 
that  of  the  Greene  Silicate  of  Copper,  of  Copper  Harbor.  There 
cannot  be  a  doubt  that  he  was  aware  of  the  localities  of  most  of  the 
exposed  copper  veins,  for  he  had  traversed  the  region  where  they 
occur,  and  was  a  good  observer.  It  is  supposed  that  he  reserved  a 
more  full  description  of  the  ores  and  metals,  with  that  of  their 
localities,  for  his  final  report.  This  unfortunately,  he  did  not 
ilive  to  write.  He  perished  in  the  field  of  his  labors,  on  the  coast  of 
Kewenaw  Point.  It  was  my  sad  duty  to  announce  his  departure  to 
my  scientific  brethren,  and  to  pronounce  his  eulogy  before  this  Asso- 
ciation at  its  meeting  in  New   York. 

In  1843,  GeneralJames  Wilson  obtained  from  the  War  Department 
a  permit  for  a  lease  of  a  location  three  miles  square,  on  the  mineral 
lands  of  the  United  States  in  Michigan.  By  advice  of  a  half-breed 
.Indian,  who  was  acquainted  with  the  shores  of  Lake  Superior,  he  took 
for  his  location  a  tract  of  land  three  miles  square  at  the  mouth  of 
Eao-le  river.  A  company  was  organized,  and  a  party  of  lead  miners 
from  Gratiot's  Grove  mines  was  sent,  under  the  direction  of  Colonel 
Charles  Gratiot,  to  explore  for  metals,  and  especially  for  copper. 

The  advice  of  Dr.  Houghton  was  asked  by  the  organizers  of  the 
Company,  but  he  being  in  the  Government  employ,  very  properly 
declined  giving  his  advice  to  a  private  company,  and  recommended 
them  to  employ  me  to  examine  their  locations. 

In  1844, 1  was  employed  by  Hon.  David  Henshaw,  to  examine  the 
above-mentioned  location,  and  several  others  that  had  been  secured  ; 
and  in  company  with  thatgentleman  I  visited  and  carefully  exaniined 
those  locations,  and  selected  those  veins  that  appeared  the  most  prom- 
ising. Large  quantities  of  every  mineral  were  obtained,  and  assays 
were  made  of  the  ores  on  average  samples.  The  results  showed  that 
mining  could  be  advantageously  carriedon  in  that  region,  and  that  the 
.metals  could  be  easily  separated.  I  surveyed  ten  veins  of  native  cop- 
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per  on  Icands  belonging  to  the  Company,  and  selected  two  veins  as 
of  sufficient  promise  for  economical  working.  I  examined  also 
samples  of  ores  brought  in  by  the  company's  miners  and  explorers, 
and  obtained  information  of  most  of  the  localities  in  the  vicinity. 
P'ln  1845,1  was  emplo^'ed  to  reexamine  the  mineral  lands  and 
added  much  to  our  previous  linowledge,  surveying  the  veins  belong- 
ing to  the  Pittsburg  and  Boston  Copper  Companj^  and  particularly 
the  Cliff  mine,  which  is  now  so  celebrated  as  a  profitable  native  cop- 
per mine.  This  mine  I  shall  presently  describe  as  the  model  mine 
of  the  country,  and  as  highly  creditable  to  the  faith  and  enterprise 
of  its  owners  and  to  the  indomitable  perseverance  and  great  skill  of 
their  miners. 

In  1846,  I  did  not  visit  the  Lake,  for  speculations  had  already 
taken  the  place  of  wholesome  business  operations,  and  fancy  stock 
was  made  and  sold  all  over  the  country.  Under  such  a  state  of 
things,  any  scientific  man  who  valued  his  reputation,  would  naturall}"^ 
avoid  entering  into  competition  with  quacks  and  fancy-stock  report 
makers.  Instead  of  going  to  the  Lake,  I  delivered  a  course  of  lec- 
tures on  the  business  of  mining,  expressly  for  the  purpose  of  check- 
ing this  mania  for  stock  gambling. 

In  the  spring  of  1847,  by  authority  of  an  act  of  Congress,  Hon. 
Robert  J.  Walker,  Secretary  of  the  Treasury,  appointed  me  to  make 
the  Geological  and  Mineralogical  Survey  of  the  mineral  lands  of  the 
United  States,  in  Michigan,  and  I  was  called  to  Washington,  re- 
ceived the  appointment  and  the  very  full  and  minute  instructions 
prepared  for  my  guidance  by  the  Secretary  of  the  Treasury  himself. 
These  instructions  Ihave  carefully  followed  and  should  have  entirely 
fulfilled  if  I  had  not  been  interrupted  before  the  completion  of  the 
field  work  of  the  survey.  This  will  render  my  report  incomplete,  for 
I  have  not  at  this  time  any  authority  to  direct  the  finishing  of  the 
field  work,  and  the  survey  I  suppose  is  to  pass  from  my  hands. 
This  is  to  be  regretted,  for  it  cannot  have  that  completeness  and 
unity  of  plan  that  it  would  have  had  under  my  immediate  direction. 
I  feel  it  to  be  my  dut}'  to  make  this  statement  before  this  Scientific 
Association,  and  to  suggest  that  interferences  of  the  kind  that  have 
prevailed  in  obstructing  the  completion  of  my  work  should  be  pre- 
vented, and  scientific  men,  after  the  commencement  of  a  public  sur- 
vey, should  be  assured  of  their  rights,  or  they  will  not  be  willing  to 
engage  in  the  service  of  the  Government. 
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On  the  Geological  Structure  of  Keweenaw  Point.  By  Dr. 
C.  T.  Jackson,  U.  S.  Geologist. 

This  remarkable  promontory  extends  from  the  south  side  of 
Lake  Superior  nearly  into  the  middle  of  the  Lake,  from  46°  40'  to 
to  47°  29'  north  latitude,  and  is  comprised  between  87°  55'  and  89° 
30' west  longitude.  Its  general  direction  is  to  the  E.  N.  E.,  in  the 
line  of  the  trend  of  the  great  dikes  or  masses  of  trap  rocks  which 
form  its  central  ridges. 

The  surface  of  the  country  is  broken  and  rolling,  and  some  of  the 
hills  attain  an  elevation  of  nearly  900  feet  above  the  lake  level.  Al- 
though but  a  few  species  of  rocks  exist  on  this  promontor}',  thej'  pre- 
sent phenomena  of  remarkable  scientific  and  practical  interest.  On 
the  immediate  coast,  excepting  at  a  few  points,  tlie  first  rocks  that 
meet  the  e^'e  of  the  geologist  are  a  coarse  conglomerate,  made  up  of 
large  rounded  and  smooth  pebbles  of  red  porphj-ry  quartz,  altered 
slate  and  sandstone, massesofepidote  rock, syenite  and  hard  green- 
stone trap,  mostl  y  of  the  porphj'ritic  variet}',  and  regular  strata  of  fine 
grained  red  and  gra^-  or  mottled  sandstone,  devoid  of  any  fossil  con- 
tents. 

The  direction  of  the  strata  of  sandstone  and  conglomerate  is  par- 
allel to  the  line  of  uplift  of  the  trap  rocks,  or  E.  N.  E.,  W.  S.  W. 
Its  dip  is  toward  the  W.  N.  W.,  at  various  angles,  being  greatest 
near  the  trap  rocks,  which  come  between  their  strata  and  divide  the 
great  masses  of  sandstone  throughout  the  whole  length  of  the  promon- 
tory. The  strata  remote  from  the  trap  on  Keweenaw  Bay,  and  on 
the  opposite  side  of  the  point,  at  the  portage,  are  horizontal  or  but 
slightly  waving,  while  near  the  trap  rocks  the  dip  of  the  strata  is 
generally  as  high  as  30°,  and  sometimes  more.  The  conglomerate  rock 
is  limited  to  the  borders  of  the  trap  range,  and  is  of  the  same  geolog- 
ical age  as  the  finer  grained  sandstones,  and  alternates  with  them. 

At  the  line  of  junction  of  the  trap  rocks  and  sandstones,  the 
sandstone  and  trap  are  interfused,  producing  that  singular  and  very 
important  metamorphic  rock  amygdaloid,  a  rock  closeh'  resembling 
the  vesicular  lava  of  volcanoes,  but  having  its  cavities  filled  with  a 
great  variet}-  of  curious  and  interesting  minerals. 

In  the  memoir  published  by  Mr.  Alger  and  m3'self  on  the  mineral- 
ogy and  geology  of  Nova  Scotia,  in  the  American  Journal  of  Science, 
Vols.  XIV,  XV,.  1828,  will  be  found  an  account  of  the  origin  of 
amygdaloidal  rocks,  like  those  of  Keweenaw  Point,  and  it  may  not  be 
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uninteresting  to  compare  tlie  trappean  ranges  on  Lake  Superior  with 
those  of  Nova  Scotia.  On  inspection  of  tiie  map  it  will  be  seen  that 
the  great  trappean  baud  on  Keweenaw  Point  is  parallel  with  that  on 
the  bordersof  theBa3'of  Fundy  in  Nova  Scotia, and  it  will  be  further 
noticed  on  examination  of  the  geolog_v  of  these  distant  regions,  the 
conditions  of  the  rocks  are  similar,  if  not  identical.  The  trap  of 
Nova  Scotia,  like  that  on  Lake  Superior,  protrudes  from  below  the  red 
sandstone,  supposed  to  be  the  new  red,  and  passes  between  the  strata 
in  the  line  of  least  resistance.  Amygdaloid,  with  species  of  minerals 
similar  to  those  of  Lake  Superior,  excepting  Prehnite,  which  is  rare- 
I3'  found  in  Nova  Scotia,  exist  also  at  the  line  of  junction  of  the  trap 
rocks  and  sandstones  of  Nova  Scotia.  Native  copper  occurs  in  tlie 
amygdaloid  of  both  places,  but  is  more  commonly  found  in  the  trap 
tuff  of  Nova  Scotia,  while  it  occurs  more  abundantly  in  the  am^'gda- 
loid  of  Lake  Superior.  Heulandite  is  rare  in  the  Lake  Superior  trap 
rocks,  while  it  is  extreniel3'  abundant  in  Nova  Scotia,  but  the  other 
minerals  are  of  the  same  species  in  both  places. 

It  will  be  observed  on  examination  of  the  geological  maps,  that 
the  same  gentle  crescentic  curving  of  the  trap  bands  towards  the 
northwest  was  noticed  in  both  countries,  a  fact  also  recorded  by 
Profs.  Percival  and  Rogers,  in  their  reports  on  the  geology  of 
Connecticut  and  New  Jersey. 

General  geological  laws  seem  to  have  prevailed  in  all  the  regions 
where  trap  rocks  have  burst  througli  sandstone,  the  effects  of  heat 
being  recognizable,  and  proportional  to  the  relative  masses  of  in- 
truded rocks. 

It  cannot  fail  to  strike  every  geologist  familiar  with  rocks  of 
igneous  origin,  and  their  effects  on  sedimentary  strata,  that  the 
history  of  the  origin  of  trap  rocks  is  indelibly  recorded,  and  that 
they  are  really  lavas  that  have  risen  from  the  interior  of  the  globe 
through  fractures  in  its  crust,  taking  the  line  of  least  resistance  by 
passing  between  the  strata. 

By  the  influence  of  heat  the  sedimentary  strata  were  interfused 
with  the  igneous  rocks,  and  it  is  a  singular  fact  that  amygdaloid 
is  most  abundantlj'  produced  by  the  action  of  trap  rocks  on  sand- 
stone, and  that  copper  is  the  most  usual  metal  found  in  the  fissures, 
amygdules,  and  pockets  of  the  resulting  amygdaloid. 

True  workable  veins  of  native  copper  in  this  class  of  rocks  had 
not  been  described,  so  far  as  I  know,  anterior  to  m}^  researches  on 
Lake  Superior,  and  it  was  regarded  as  contrary  to  all  experience 
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that  this  metal  should  thns  occur  in  quantities  sufficient  for  profitable 
mining.  Tlie  only  locality  where  natiA^e  copper  has  been  mined  to 
any  extent,  is  in  Siberia,  but  the  metal  is  not  in  trap. 

Having  satisfied  myself  of  the  fact  that  adequate  quantities  of 
the  metal  did  exist  in  veins  in  the  amygdaloid  trap  of  Lake  Superior, 
I  ventured  to  recommend  the  opening  of  mines  on  Keweenaw  Point, 
on  and  near  Eagle  River,  and  tlie  result  lias  proved  that  native 
copper  veins  can  be  profitably  wrought.  I  mention  this  fact  now 
in  order  to  recall  to  your  minds  the  objections  that  were  made  to 
my  views  on  this  subject  at  our  meeting  in  New  Haven,  in  1845. 
The  predictions  I  then  made  are  now  fully  verified. 

NATURE  OF  THE  VEINS  IN  THE  TRAP  ROCKS. 

There  are  two  classes  of  veins  known  to  miners  on  Lake  Superior, 
viz:  1st.  Those  running  with  the  "  country,"  or  parallel  to  the 
course  of  stratified  rocks  through  which  the  trap  rocks  pass — veins 
that  are  sometimes  called  beds,  or  interstratified  masses.  And  2d. 
Those  which  cross  the  "  country,"  or  cut  transversely  at  various  an- 
gles the  line  of  direction  of  the  strata. 

These  last  are  called  true  veins,  and  are  the  only  ones  on  which 
miners  have  thus  far  placed  reliance  as  to  their  continuing  rich  to  any 
considerable  depth.  I  do  not  regard  the  question  as  fully  settled  by 
experience  in  this  district,  that  mining  should  be  confined  to  the 
transverse  veins,  for  tliere  is  reason  to  believe  that  both  classes  of 
veins  are  of  the  same  origin,  and  no  facts  have  yet  been  adduced  to 
prove  that  veins  running  witli  the  "  country  "  cannot  be  advanta- 
geously wrought.  On  the  contrary,  it  is  known  that  large  quantities 
of  native  copper  are  raised  from  this  class  of  veins  on  the  Ontonagon 
River,  and  it  is  probable  tliat  some  on  IsleRoyale  will  ultimately  prove 
valuable.  A  few  good  practical  experiments  in  mining  will  settle 
this  mooted  point  in  practical  geology.  It  is  obvious,  since  the  trap 
rocks  are  not  really  stratified,  that  tliis  class  of  veins  cannot  be  cor- 
rectly denominated  interstratified,  though  they  ma^^  be  imbedded. 

The  first  class  of  veins  run,  as  will  be  understood  by  what  I  have 
previously  said,  nearly  E.  N.  E.  W.S.W.,  varying  with  the  flexures  of 
tlie  line  ofjnnction  of  the  trap  and  sandstone,  and  are  included  between 
the  two  rocks  in  amygdaloid  or  in  epidote,  this  mineral  being  the  most 
usual  gangue  or  matrix  of  the  copper.  Regular  walls  of  solid  copper 
of  some  inches  in  thickness  have  been  observed  in  one  of  the  new 
mines  opened  in  the  Ontonagon  River,  and  sheets  of  considerable 
size  have  been  found  in  the  east  and  west  veins  on  Isle  Royale. 
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Mining  operations  are  now  in  progress  to  test  the  permanencj^  of 
tiiese  veins.     "We  shall  know  in  a  year  or  two  the  results. 

The  second  class  or  transverse  veins  run  generally  in  a  course  N. 
26°  to  30°  W.,  S.  26°  to  30°  E.,  and  consequently  cut  across  the  line 
of  direction  of  the  trap  rocks  and  adjacent  strata.  They  are  espe- 
cially rich  in  the  amygdaloidal  trap,  and  thus  far  have  not  been 
profitabl}^  worked  be3'ond  its  limits.  In  the  hard  trap  rock  they  are 
pinched  or  become  narrow,  thin  plates  of  metallic  copper  filling  these 
seams  in  the  trap.  The  "veinstone"  contains  the  following  species 
of  minerals  :  Prehnite,  Calc,  Spar,  Laumonite,Leonhardite,  Quartz, 
Datholite,  Chabasie,  Mesotype,  Apophyllite,  Feldspar,  Analcime, 
and  Wollastonite. 

The  most  common  veinstone  is  Prehnite,  which  occurs  in  regular 
symmetrical  veins,  the  Prehnite  encrusting  the  sides  of  the  fissures 
and  closing  in  the  middle  of  it  by  crystallized  botryoidal  surfaces. 
At  the  surface  these  veins  are  rarely  more  than  six  inches  in  width 
and  containing  only  minute  scales  of  metallic  copper,  the  presence 
of  which  in  decomposed  veins  is  most  readily  detected  by  spots  of 
green  carbonate  of  copper,  derived  from  exposure  of  the  metal  to 
the  air  and  water.  These  narrow  and  poor  veins  of  Prehnite  enrich 
in  copper  as  they  descend  into  the  rock,  until  at  last  the  Prehnite 
gives  wa}'  to  copper  and  its  space  is  entirely  occupied  by  it,  a  thick 
vein  of  solid  copper  filling  the  fissure,  while  the  Prehnite  was  either 
absorbed  by  the  rock,  or  the  condition  of  the  rock  was  such  that  it 
could  not  be  formed. 

At  the  Cliff  Mine  of  the  Boston  and  Pittsburg  Mining  Company, 
the  vein  at  the  top  of  the  cliff  consisted  of  Prehnite,  containing 
only  minute  scales  of  copper,  and  was  only  six  inches  wide,  but  it 
was  found  on  descending  that  this  vein  widened  about  two  hundred 
feet  lower  down,  to  eighteen  inches,  and  lower  still  it  had  widened  to 
two  feet,  and  was  charged  with  from  five  to  tliirty  per  cent  of  metallic 
copper,  and  some  particles  of  silver.  The  average  yield  of  a  large 
sample  of  the  vein  at  the  surface  was  found  to  be  Oy^^^  per  cent, 
of  copper,  and  it  was  estimated  that  the  ore  could  be  practically 
"bucked"  or  picked  up  to  15  per  cent. 

The  width  of  the  vein  was  estimated  to  be  three  feet  at  the  base 
of  the  hill,  where  it  was  still  concealed  from  view  by  the  soil.  On 
driving  a  level  into  tlie  cliff  and  one  at  the  base  of  the  hill,  the  vein 
■was  proved  to  be  much  richer  than  at  the  surface,  and  on  sinking  a 
shaft  to  the  depth  of  226  feet  below  the  base  of  the  hill,  it  exposed 
sheets  of  copper  varying  in  thickness  from  a  few  inches  to  three  feet- 
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These  masses  of  copper  filled  the  vein,  and  the  Prehnite  and  other 
zeolitic  minerals  disappeared.  By  carrying  forward  levels  at  the 
proper  points,  sixty  feet  below  each  other,  and  by  stopeing  out  the 
backs  of  the  levels,  large  flattened  ellipsoidal  masses  of  copper  were 
exposed  and  removed  by  heavy  blasts  of  gunpowder.  These  masses 
were  tlien  cut  up  by  mortising  out  channels  through  them  by  means 
of  steel  chisels,  driven  by  a  heavy  sledge  hammer. 

Some  idea  may  be  formed  of  the  rapid  increase  in  richness  of 
this  lode  by  comparing  the  poor  Prehnite  vein  at  the  top  of  the  hill 
with  the  ponderous  masses  of  pure  copper  that  are  now  cut  up  in 
the  mine  below.  One  mass  of  pure  copper  extracted  while  I  was 
on 'the  survey,  weighed  eight}'  tons,  and  other  masses  probabl}''  of 
equal  magnitude  were  in  process  of  being  uncovered. 

Taking  into  account  the  height  of  the  cliff  in  which  the  vein  is 
seen,  and  the  depth  of  the  shafts  at  its  base,  we  have  the  vein 
proved  526  feet  deep,  and  thus  far  it  has  been  steadily  enriching, 
and  has  surpassed  the  most  sanguine  expectations  of  all  the  min- 
ers and  geologists  who  had  examined  it. 

Already  this  mine  sends  to  market  nearly  a  thousand  tons  of 
copper  ore  per  annum,  the  ore  being  estimated  to  contain  sixty  per 
cent,  of  pure  copper  after  it  is  cleansed  of  the  adhering  rock.  This 
mine,  it  is  understood,  has  paid  for  itself  and  made  a  dividend  of 
ten  dollars  per  share  to  its  owners. 

It  is  highl}''  probable  that  other  mines  on  Keweenaw  Point,  if 
wrought  with  the  same  energ}^  and  skill,  would  prove  equally  val- 
uable, but  thus  far  no  mining  equivalent  to  that  of  the  Boston  and 
Pittsburg  Mining  Company  has  been  attempted,  and  it  is  difBcult 
to  find  a  miner  so  competent  to  the  task  as  Capt,  Jennings,  the 
Cornish  miner,  who  has  had  charge  of  this  remarkable  mine.  I  ex- 
hibit to  you  a  profile  and  plan  of  the  mine,  in  which  all  the  excava- 
tions are  fully  delineated. 

Amongotherpromising  mines  are  the  North  American,  the  Copper 
Falls,  the  Northwest,  and  the  Phenix,  all  ol"  which  have  been  suffi- 
cientl}^  proved  to  warrant  the  belief  that  they  can  be  advantageously 
wrought,  but  still  it  must  be  remembered  that  even  in  the  best  known 
mineral  districts,  mines  frequently  fail  to  i)rove  profitable  from  causes 
that  are  not  at  once  foreseen.  The  North  American  Company's 
mines  are  situated  ^ery  near  the  Cliff  mine,  on  the  west  brancli  of 
Eagle  River,  and  are  now  wrought  with  energy,  and  give  promise  of 
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success  nearly  equal  to  that  of  the  Cliff  mine  before  described.  The 
veins  are  similar  in  their  nature  and  in  their  contents,  so  that  I 
need  not  describe  them. 

The  Copper  Falls  mines  have  been  opened  to  a  considerable  ex- 
tent, and  from  one  of  the  veins  a  single  mass  of  copper  was  taken 
that  weighed  eight  tons.  It  was  sawed  into  pieces  and  sent  to  market. 
I  exhibit  to  the  section  a  specimen  sawed  from  this  mass.  It  is  per- 
fectly pure  copper,  and  as  dense  as  the  purest  hammered  copper  of 
commerce,  showing  its  perfect  fineness.  There  is  a  considerable 
proportion  of  native  silver  mixed  with  the  copper  of  this  mine,  and 
in  the  green  veinstone,  a  specimen  of  which  I  lay  before  you.  Silver 
is  found  also  in  most  of  the  copper  mines  of  the  lake,  and  frequently 
in  sufficient  quantities  to  be  of  commercial  value.  It  is  most  curi- 
ously' united  with  the  copper,  and  in  some  of  the  pieces  I  lay  before 
you,  the  metallic  copper  is  actually  porphyri  tic  with  masses  of  silver, 
and  yet  the  silver  is  absolutely  pure,  and  the  copper  is  also  pure, 
there  being  no  alloying  or  chemical  union,  but  a  mere  metallic  ce- 
mentation at  the  line  of  contact.  This  phenomenon  is  seen  in  all 
the  localities  on  the  lake  where  native  copper  and  silver  occur  to- 
gether, and  this  state  of  the  metals  must  have  arisen  from  a  common 
cause  acting  in  every  one  of  the  veins.  It  is  not  capable  of  being- 
explained  in  the  present  state  of  chemical  and  geological  knowledge, 
and  is  a  subject  for  experimental  research.  The  solution  of  this 
question  will  lead  to  an  explanation  of  the  origin  of  the  native  cop- 
per and  silver  veins,  the  rationale  of  which  we  have  not  yet  reached. 

All  the  experiments  I  have  devised  and  executed,  to  discover  the 
cause  of  the  separation  of  the  copper  and  silver,  as  seen  in  these 
specimens,  have  given  negative  results.  The  experiments  were  made 
on  fused  alloys  of  silver  and  copper.  The  metals  did  not  separate  by 
galvanic  agency.  Little  has  yet  been  done  towards  extensive  work- 
ing of  the  Northwest  Company's  copper  mine.  It  is  situated  a  few 
miles  from  Eagle  Harbor,  and  several  rich  veins  of  native  copper, 
with  some  native  silver,  have  been  discovered  and  wrought  to  a  small 
depth.  The  want  of  confidence  in  this  new  kind  of  mining  prevents 
the  investment  of  sufficient  capital  and  the  emplo3nnentof  a  sufficient 
mining  force  to  work  the  mines.  I  am  confident,  that,  with  capital 
and  skill,  this  company's  mine  might  soon  be  rendered  profitable. 

The  old  Lake  Superior  Company,  the  first  organized  for  mining  on 
Lake  Superior,  was  unsuccessful  in  its  first  operations  from  several 
causes,  among  which  the  want  of  miners  capable  of  carrying  on  the 
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work  in  a  proper  manner  was  the  chief;  and  it  should  be  remembered 
that  mining  for  native  copper  was,  at  tiiat  time,  a  new  business  to 
both  English  and  American  miners.  Numerous  changes  were  made 
and  many  new  shafts  were  sunk,  but  no  regular  preconceived  plan 
was  ever  carried  out,  and  hence  the  mines  are  in  a  neglected 
state.  Much  allowance  should  be  made  for  the  newness  of  the  en- 
terprise, the  wilderness  state  of  the  country,  and  want  of  skill  in  the 
miners  hastil}'  collected  from  districts  wholly  unlike  the  one  they 
were  sent  to  explore.  There  was  also  an  erroneous  opinion  preva- 
lent among  many  of  the  original  stockholders  that  raining  could  be 
made  profitable  from  the  outset, — a  most  fallacious  idea.  The  com- 
pany soon  closed  up  its  mining  operations,  and  I  have  heard  that  a 
new  organization  has  been  since  adopted,  and  it  is  hoped,  if  mining 
operations  are  again  begun,  a  regular  system  will  be  pursued,  mod- 
elled after  the  plan  of  the  Boston  and  Pittsburg  Company's  workings. 
The  Lake  Superior  or  Phenix  Company's  veins  are  rich  in  native 
copper  and  silver,  and  although  the  leader  or  Prehnite  vein  is  but 
a  few  inches  wide,  it  will  doubtless  lead  to  a  solid  copper  vein,  like 
those  heretofore  described.  Masses  of  pure  copper,  of  large  size, 
weighing  some  thousands  of  pounds,  were  obtained  from  an  ancient 
ravine  or  excavation  that  had  been  worn  out  by  the  river  running 
over  the  vein,  and  large  pieces  of  silver  were  also  found.  These  show 
the  contents  of  the  lode  in  the  true  vein.  Most  of  the  work  here- 
tofore executed  at  this  mine  has  been  done  in  the  western  wall  of  the 
vein  and  not  in  the  vein  itself.  To  the  company  owning  the  Lake 
Superior  mine  is  due  the  credit  of  the  earliest  mining  enterprise  on 
the  Lake,  and  those  who  have  followed  after  them  should  remember 
that  they  opened  the  way  and  introduced  the  business  of  mining  into 
the  then  unbroken  wilderness  of  Lake  Superior. 

It  is  still  a  question  among  geologists  and  miners  whether  veins 
were  filled  by  igneous  injection  or  sublimation,  or  b}^  aqueous 
and  galvanic  deposition.  This  question  is  one  of  very  great  scientific 
and  practical  interest,  and  is  exceedingly  difficult  to  answer  so  far 
as  relates  to  the  native  copper  and  native  silver  of  Lake  Superior. 

The  objections  to  the  igneous  origin  of  native  copper  are,  1st,  that 
the  metal  bears  the  imprint  of  ciystals  of  Prehnite,  as  seen  in  the 
specimen  I  lay  before  the  Section,  and  we  cannot  account  for  the  fact 
that  this  zeolite  was  not  rendered  anhydrous  by  the  molten  copper, 
2dly,  that  if  the  copper  was  melted,  since  its  fusing  point  is  much 
higher  than  that  of  silver,  that  the  silver  is  not  alloyed  with  the  copper. 
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but  is  separate  from  even  a  trace  of  it  in  chemical  combination, 
though  small  particles  and  large  lumps  of  silver  are  mixed  and 
united  with  the  metallic  copper. 

Tliese  objections  are  equally  strong  against  the  theory  of  sublima- 
tion of  the  copper,  and  since  silver  is  not  volatile  at  the  highest 
temperature  of  our  furnaces  we  could  not  account  for  the  presence 
of  that  metal  by  a  simultaneous  sublimation  of  the  metals. 

Against  the  theory  of  its  aqueous  deposition,  or  its  origin  from 
any  solution  of  copper,  it  ma}^  be  urged  that  if  tlie  metal  was  in 
cliemical  solution,  no  material  capable  of  causing  its  decomposition 
with  the  deposition  of  the  copper  in  a  metallic  state  exists  in  the 
vein,  and  no  salt,  if  au}^  supposed  acid  solvent,  which  would  result 
from  the  decomposition  of  its  combination,  exists  in  the  vein.  Again, 
it  would  be  impossible  for  the  chasm  to  contain  a  sufficiency  of  any 
copper  solution,  however  concentrated,  to  produce  the  solid  metallic 
copi)er  filling  tlie  fissure,  for  as  before  observed,  the  masses  of  copper 
are  from  a  foot  to  three  feet  in  thickness,  and  occupy  the  whole 
space  of  the  sundered  rock. 

Galvanic  segregation  it  has  been  supposed  would  explain  the  origin 
of  these  copper  veins.  But  we  may  ask,  from  what  was  the  copper 
segregated  ?  It  is  impossible  for  galvanism  to  create  the  metal  from 
the  ingredients  of  trap  rocks,  or  sandstone  ;  and  we  can  hardly  im- 
agine any  arrangement  of  the  rocks  that  would  produce  a  galvanic 
battery  with  its  poles  so  arranged  as  to  effect  the  deposition  of  a 
vein  of  solid  copper  two  or  three  feet  in  thickness. 

It  is  well  known  that  the  trap  rocks  are  magnetic,  and  that  the}'^ 
possess  polarity  at  the  surfaces  of  disjunction.  This  has  been  fully 
substantiated  by  the  researches  of  Dr.  Locke  and  others  on  the  Lake 
Superior  mineral  lands,  but  this  magnetism  is  obviously  the  effect  of 
the  earth's  inductive  magnetism  exerted  on  the  very  large  proportion 
of  magnetic  iron  ore  entering  into  the  composition  of  the  trap  rocks, 
a  quantity  so  large  that  I  have  seen  pig  iron  made  directly  from  those 
rocks  by  fusion  in  a  blast  furnace,  about  twelve  per  cent  of  iron  being 
reduced  from  it ;  and  we  know,  from  the  experiments  of  Dr.  Locke, 
that  even  fragments  of  the  trap  rock  are  both  magnetic  and  polar. 
It  remains  to  be  proved,  that  there  are  any  electric  currents  in  the 
native  copper  veins,  for  such  currents  are  by  no  means  proved  by 
deviations  of  the  magnetic  needle,  which  are  doubtless  produced  by 
the  magnetic  polarity  of  the  trap  rock  itself. 

The  occurrence  of  bright  scales  and  perfect  crystals  of  native 
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copper  in  perfectcrystalsof  prelinite,(latholite,calc-spai-,and  quartz 
would  seera  to  indicate  a  simultaneous  deposition  of  the  copper  and 
those  crj'stallized  minerals  including  it,  or  that  they  were  impregnated 
with  native  copper  by  sublimation  immediately  before  the  injection  of 
the  principal  copper  vein  took  place.  If  we  could  admit  the  igneous 
formation  of  zeolites,  and  of  calc-spar,  there  would  be  less  ditiiculty 
in  accounting  for  the  veins  by  sublimation  or  injection,  or  by  both 
methods,  but  this  chemists  will  not  readily  admit,  for  the  zeolitic 
minerals  are  generally  hydrous,  the  occurence  of  anhydrous  Prehnite 
or  "■  Jacksonite  "  being  tlie  only  exception  thus  far  determined. 

It  is  also  a  question  whether  the  native  copper  in  the  amj'gdaloid 
was  derived  from  the  interfused  sandstone,  or  was  mechanically 
brought  up  with  the  trap  rock.  It  has  been  imagined,  that  since  the 
sandstone  is  made  up  of  the  detritus  of  more  ancient  rocks  which 
might  have  contained  cop[)er  ores,  that  the  copper  ore  being  deposited 
with  the  sand  was  reduced  by  the  action  of  the  trap.  This  idea 
would  be  plausible,  if  it  could  be  shown  that  the  sandstone  in  the 
vicinity  of  the  trap  contained  copper  in  a  sufficiency  to  account  for 
that  in  the  amygdaloid  ;  but  such  is  not  the  case.  It  has  been  said 
that  local  deposits  of  the  ore  might  have  taken  place  in  portions  of 
the  sandstone  strata,  and  that  the  trap  rocks  came  up  and  reduced  it. 
This  would  be  imputing  a  most  remarkable  degree  of  intelligence  to 
the  trap  rocks,  that  they  should  know  exactly  where  the  copper  ore 
was  deposited,  and  come  up  at  those  places  expressly  to  smelt  it ! 
I  must  confess  that  I  cannot  attribute  the  origin  of  the  copper  to  any 
other  causes  than  those  which  produced  the  trap  rocks  themselves, 
and  that  the  copper  came  from  the  molten  interior  of  the  earth  seems, 
at  least  from  what  we  know  of  igneous  agencies,  to  be  most  prob- 
able. There  are  veins  in  the  conglomerate  rocks  which  are  filled 
with  calcareous  spar,  containing  crystals  of  copper,  some  of  which 
will  weigh  half  a  pound,  and  are  generally  in  the  rhombic  dodecahe- 
dral  form.  One  of  the  calc-spar  veins  at  Agate  Harbor  has  yielded 
masses  of  copper  weighing  several  hundred  pounds. 

At  Copper  Harbor,  a  large  vein  of  solid  black  oxide  of  copper  was 
found  in  the  conglomerate  rock.  This  ore  is  not  known  to  exist  in 
an}-  considerable  quantity  elsewhere.  The  ore  in  the  vein  was  four- 
teen inches  wide,  and  for  a  short  time  the  mine  furnished  a  good 
supply  of  copper  ore,  yielding  about  sixty  or  seventy  per  cent  of 
metallic  copper.  It  was  soon  exhausted,  a  bed  of  fine  grained  sand- 
stone cutting  off  the  copper  vein ,  the  calc-spar  only  continuing  in  the 
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sandstone  below.  Among  the  masses  of  black  oxide  of  copper 
brought  from  the  mine  at  Copper  Harbor,  Mr.  J.  E.  Tescheraacher 
discovered  regular  cubic  crystals  of  the  ore,  crystals  which  show 
that  the  ore  is  not  a  mere  mechanical  mixture  of  copper  smut  with 
earthy  matters  for  a  cement,  as  some  have  supposed.  A  pure  speci- 
men analyzed  in  my  laboratory  yielded  79.86  per  cent,  of  copper. 

There  are  also  found  at  the  Copper  Harbor  mine,  chrysocolla,  or 
hydrous  green  silicate  of  copper,  and  the  black  silicate,  which  con- 
tains a  less  proportion  of  water.  These  ores,  we  can  easily  conceive, 
might  be  produced  by  the  decomposition  of  a  solution  of  copper 
by  the  action  of  a  hot  solution  of  lime.  The  black  oxide  may  have 
been  derived  either  from  a  solution,  or  from  igneous  sublimation. 
We  know  that  black  oxide  of  copper  is  sublimed  from  the  crater  of 
Vesuvius,  and  is  deposited  in  fine  splendent  scales  like  specular  iron 
ore  in  the  lavas. 

Chloride  of  copper  is  very  volatile,  and  is  sublimed  in  the  crater 
of  Vesuvius.  It  is  also  known  to  be  volatilized  in  the  blast  fur- 
nace ;  the  experiments  of  Mr.  Frederick  W.  Davis,  at  the  Point 
Shirley  copper  works,  having  fully  demonstrated  the  fact  that  a 
considerable  proportion  of  copper  is  lost  by  sublimation  from  copper 
ores,  containing  the  chloride  of  that  metal. 

These  facts  may  at  some  future  day  serve  to  explain  some  of  the 
phenomena  relating  to  the  formation  of  metallic  veins.  At  present 
there  is  no  part  of  geological  science  so  little  understood  as  the 
theory  of  veins,  and  on  this  account  I  am  desirous  of  calling  the 
attention  of  the  Section  to  this  subject. 

With  respect  to  the  age  of  the  red  sandstone  of  Lake  Superior, 
I  would  remark  that  there  have  been  and  still  are  differences  of 
opinion.  No  distinct  fossils  having  been  found  in  it ;  the  usual 
index  for  fixing  the  geological  age  of  stratified  rocks  is  wanting. 

From  the  mineralogical  character  and  the  geological  associations 
of  the  rocks,  their  parallelism  to  those  of  Nova  Scotia,  and  their  min- 
eral contents,  I  was  led  in  1844,  to  suggest  the  ideutit}-  of  the  two 
formations,  as  contemporaneous,  and  regarded  the  Lake  Superior 
sandstone  as  the  new  red,  or  at  least  as  of  the  same  age  with  that  of 
Nova  Scotia,  New  Jersey,  and  Connecticut.     This  idea  I  still  favor. 

During  the  last  year  the  linear  surveyors,  who  were  engaged  in 
subdividing  townships  on  the  southern  portion  of  Keweenaw  Point, 
discovered  a  large  protruding  mass  of  Silurian  limestone,  around 
which  the  sandstone  strata  are  horizontal.    My  assistant  was  sent  to 
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examine  this  limestone,  and  states  that  its  strata  lines  dip  about  30°. 
A  fragment  of  a  fossil,  probably  a  pentamerus,  was  also  found  in  the 
limestone.  These  facts  would  seem  to  prove  that  the  sandstone  is 
above  the  Silurian  limestone,  and  consequently  that  it  is  either  the 
old  or  the  new  red.  The  absence  of  fossil  shells  in  the  sandstone 
would  lead  us  to  conclude  that  it  does  not  belong  to  the  old  red,  and 
consequent)}'  we  are  led  back  to  my  original  opinion,  as  published 
in  the  American  Journal  of  Science,  in  1845,  that  the  Lake  Superior 
sandstone  is  of  a  later  date,  and  is  probably  the  new  red. 

This  opinion  was  also  expressed  by  Monsieur  De  Verneuil,  dur- 
ing his  visit  to  the  Lake  in  1846,  but  I  do  not  know  from  wliat  data 
his  opinion  was  formed.  It  has  been  asserted  that  the  Lake  Superior 
sandstones  pass  beneath  the  Silurian  rocks,  but  I  do  not  think  the 
fact  has  ever  been  observed. 

ISLE    ROYALE. 

This  Island  is  situated  on  the  north  side  of  Lake  Superior,  in 
latitude  48°  north,  longitude  89°  west.  It  is  about  forty  miles 
in  length,  and  five  or  six  miles  wide.  It  presents  a  broken  and 
rugged  outline  on  its  coast  and  is  deeply  indented  by  long  and  nar- 
row inlets  and  bays,  all  of  which  are  parallel  to  the  ranges  of  the 
trap  rocks  which  constitute  the  ridges  traversing  the  island  through- 
out its  length.  Several  small  lakes  are  also  seen  lying  between  the 
trappean  hills  and  coinciding  with  their  line  of  bearing. 

The  general  direction  of  this  island  is  parallel  to  that  of  Keweenaw 
Point,  and  the  trap  rocks  are  of  the  same  geological  age  and  have 
uplifted  the  sandstones  of  the  same  epoch. 

On  the  southwestern  end  of  the  Island  the  fine  red  sandstone 
strata  are  seen  near  Card's  Point,  and  they  extend  along  the  coast  of 
Siskawit  Bay  to  Epidote  Cove,  forming  gently  sloping  sheets  extend- 
ing out  into  the  lake  to  a  considerable  distance.  Conglomerate  rocks 
border  the  coast  nearly  to  Rock  Harbor  a)id  lie  next  to  the  ti'ap.  The 
inland  boundary  of  the  sandstone  was  ascertained  b}'  my  sub-agents 
to  be  parallel  to  the  coast  line  where  it  isexposed.  About  one-fourth 
the  area  of  the  Island  is  sandstone  and  conglomerate  rock.  All  the 
restofit  consistsof  trap,  which  forms  ridges  attaining  an  elevation  of 
from  three  hundred  to  five  hundred  feet  above  the  lake,  and  extending 
in  a  broken  line  throughout  the  whole  extent  of  the  island.  In  some 
places  isolated  masses  of  trap  rocks  form  tall  towers  standing  like 
high  chimneys  on  the  hillsides  ;  in  others,  picturesque  islands  covered 
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with  dark  spruce  trees  are  seen  jutting  out  on  the  coast,  or  standhig 
like  watch  towers  at  the  entrance  of  the  harbors. 

Isle  Royale  was  better  known  to  tlie  Indians  as  a  good  place  for 
catching  Siskawit  than  as  a  mining  region  ;  and  it  is  probable  that 
the  name  Menung,  signifjMug  a  good  place,  refers  to  the  fisheries, 
but  it  is  certain  from  the  "Relacions"  of  the  Jesuit  fathers  that  they 
were  aware  of  the  existence  of  an  abundance  of  copper  boulders 
upon  its  shores. 

Numerous  explorers  had  visited  Isle  Royale  anterior  to  my  surve}'', 
but  mining  operations  had  not  been  entered  upon  to  any  extent  on 
accountof  thedifiiculties  arisingfrom  someofficial  misunderstanding 
as  to  permits  for  leases.  Dr.  Locke  had  selected  some  veins  and 
beds  of  copper  for  the  Oliio  and  Isle  Roj- ale  Company,  and  explora- 
tions were  going  on  to  determine  the  probable  value  of  several  veins. 

There  are  two  kinds  of  veins  on  this  island,  as  before  mentioned. 
The  widest  are  those  near  Rock  Harbor.  They  are  thick  beds  of 
solid  epidote  rock  filled  with  small  spiculse  of  copper,  there  being 
from  eight  to  ten  per  cent  of  the  metal  in  the  gangue.  These  beds 
dip  but  slight!}'  from  the  horizon,  rarely  more  than  15  or  20°,  and 
crop  out  on  the  south  side  of  the  island  a  few  feet  above  the  surface 
of  the  Lake.  Beneath  the  copper-bearing  bed  of  epidote,  which  is  a 
foot  in  thickness,  is  a  large  bed  of  barren  epidote  rock,  six  feet  thick, 
and  very  hard.  Trap  rocks  overlie  the  whole,  forming  bold  precipi- 
tous shores.  No  mining  operations  have  yet  proved  the  extent  of 
these  cupriferous  epidote  rocks,  but  they  are  exposed  to  a  sufficient 
extent  to  render  it  probable  that  the^^  will  prove  of  value. 

Another  set  of  true  veins  occur,  cutting  nearly  at  right  angles  the 
trap  rocks,  and  traversing  the  country.  These  veins  are  generallv 
narrow,  and  are  filled  with  Datholite,  Prehnite,  and  native  copper. 
The  Datholite  is  very  abundant,  and  may  prove  of  economical  impor- 
tance either  as  a  flux  for  copper  ores,  or  as  a  material  suitable  for  the 
manufacture  of  borax.  One  of  the  locations  of  the  Ohio  and  Isle 
Royale  Company  was  named,  by  Mr.  J.  H.  Blake,  Datholite,  on 
account  of  the  abundance  of  that  mineral  in  the  veins  of  copper. 

At  Todd's  Harbor  mines  have  been  opened,  and  a  considerable 
quantity  of  native  copper  has  been  obtained  by  Mr.  McCulloch. 
Other  veins  have  been  opened  at  ScoviirsPoint,butasyet  none  of  the 
veins  on  the  island  have  been  sufficiently  proved  to  authorize  the 
erection  of  permanent  works  for  mining  and  smelting.  One  vein  of 
each  kind,  opened  to  a  considerable  depth,  would  give  much  valuable 
21 
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information  concerning  the  permanency  of  the  veins,  and  determine 
whether  the}^  widen  and  enricli  or  not. 

Itisextremely  difficult  for  any  one  to  decide  absolutel}' on  the  vahie 
of  a  metalliferous  vein,  and  it  is  only  possible  to  form  an  approximate 
estimate  where  all  the  conditions  of  the  problem  are  capable  of  being 
determined,  and  it  is  rarely  the  case  that  we  have  anything  more 
than  a  superficial  viewof  tlie  contents  of  a  vein.  It  has  been  proved 
by  a  writer  in  the  French  Annales  des  Mines,  that  in  Germany  and 
France  only  one-twentieth  of  the  mines  surveyed  and  recommended 
by  the  Royal  Engineers  of  mines  hav3  paid  a  profit  to  the  stock- 
holders ;  hence  we  should  remind  persons  about  to  engage  in  mining 
adventures  that  their  chances  of  success  are  only  about  five  per  cent. 

When  a  mine  is  well  proved  it  generally  holds  good  veins,  rarely 
running  out  in  depth  unless  the  rock  changes,  and  then  the  vein 
generally  alters  also. 

How  far  the  native  copper  of  the  Lake  Superior  mines  continues 
in  depth  is  yet  unknown,  but  the  veins  if  they  traverse  sandstone 
strata  will  certainly  change  in  that  rock,  and  experience  has  thus 
far  shown  that  the  copper  diminishes  in  that  portion  of  the  vein 
which  traverses  the  sandstone.  This  has  been  fully  proved  at  the 
Copper  Falls  mines,  where  a  bed  of  sandstone,  seventy-two  feet  in 
thickness,  has  changed  the  character  of  the  lode  wiiere  the  vein 
passed  through  it,  calc-spar  filling  the  chasm  and  the  copper  nearly 
disappearing  in  the  veinstone. 

It  was  hoped  that  the  vein  would  enrich  after  it  had  passed  through 
the  sandstone  into  the  nether  bed  of  trap  rock,  but  it  was  found  to  be 
diffused  intostringveins  of  little  practical  importance.  Owing  to  the 
limited  extent  of  theamygdaloidal  trap  the  true  or  transverse  veins 
are  not  of  great  length,  two  thousand  feet  being  perhaps  an  approxi- 
mation to  their  linear  extent,  though  it  is  possible  that  some  ma^'  be 
lonoer.  The  idea  of  tracing  a  vein  by  its  course  over  an  extensive 
tract  of  country  has  proved  fallacious  on  Lake  Superior,  and  only  the 
geological  character  of  the  country  can  be  relied  upon  as  a  tolerably 
correct  guide.  The  river  beds,  depressions  in  the  soil  corresponding 
10  the  usual  direction  of  the  veins,  afford  the  best  facilities  for  finding 
veins,  and  b}'  means  of  the  solar  compass  and  magnetic  needle,  lines 
of  contact  of  the  sandstone  and  trap  may  be  readily  found,  and  the 
am^'gdaloid  is  formed  at  those  junctions.  It  was  observetl  in  ni}'  first 
visit  to  the  Lake,  that  the  productive  copper  veins  occur  where  there 
are  the  greatest  number  of  alternations  of  sandstone  and  trap  rocks,  as 
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shown  by  the  diagram  exhibited  to  the  Section.  No  less  than  six 
alterations  of  those  rocks  were  observed  near  Copper  Falls  and 
Lake  Superior  mine  in  my  surveys  during  the  summers  of  1844 
and  1845.  Subsequent  researches  have  confirmed  this  observation. 

From  these  data  we  should  expect  copper  veins  at  the  line  of  con- 
tact of  the  sandstone  and  trap  on  Isle  Royale,  but  thus  far  in  only 
a  few  places  have  the  rocks  been  uncovered  in  the  vicinity  of  the 
junction — some  loose  masses  of  native  copper  found  on  tlie  shore 
of  Siskawit  Lake  and  the  veins  at  Datholite  Cove  being  the  only 
facts  obtained  in  conlbrmation  of  this  opinion. 

In  the  hard  columnar  and  comi)act  trap  there  is  little  hope  of 
finding  valuable  veins,  for  only  narrow  and  tightly  pinched  seams 
of  copper  have  thus  far  been  found  in  these  rocks. 

On  the  Ontonagon  river  there"  are  several  veins  of  copper  that 
run  with  the  "country."  They  are  now  in  course  of  trial,  and  it 
will  soon  be  ascertained  whether  they  can  be  profitablv  worked  or 
not.  The  opinion  of  a  practical  miner,  on  whom  1  place  reliance, 
is  favorable  to  some  of  these  mines.  It  was  my  intention  to  have 
examined  them  myself,  this  summer,  before  drawing  up  my  report, 
but  it  has  been  ordered  otherwise. 

Rich  ores  of  iron  have  been  found  in  inexhaustible  quantities  in 
the  district  of  country  extending  from  the  Menomonee  River  to 
Dead  River.  I  have  not  had  an  opportunity  of  examining  the 
localities  mj^self,  but  I  had  obtained  rich  specimens  of  the  ore  from 
the  Menomonee  river,  in  1844,  through  the  agency  of  M.  Barbeau, 
who  obtained  them  from  the  Indians,  and  in  1845,  the  Indian  chief 
who  furnished  those  specimens  guided  Mr.  Pray  to  the  Iron  Moun- 
tain near  the  Menomonee  River.  During  the  past  summer  this 
locality  has  been  also  examined  by  one  of  my  assistants. 


On  the  Mineral  Region  of  Lake  Superior.  By  James  S.  Hodge. 

Mr.  Hodge  began  by  remarking  that  as  considerable  time  had 
already  been  devoted  to  this  subject,  his  observations  would  be 
much  curtailed  from  what  he  had  prepared,  and  he  would  only 
cursorily  touch  upon  the  prominent  points  of  the  several  divisions 
of  the  subjects.     These  are 

The  extent  of  the  present  Actual  Mining  Region  ; 

The  number  and  character  of  the  Productive  Mines ; 
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Some  Peculiar  Features  in  tlie  relation  of  the  Veins  to  their 
Repositories  ;  and, 

The  Relics  of  Ancient  Mining  Operations  found  throughout  the 
Country. 

The  general  range  and  character  of  the  metalliferous  ani3^gdaloid 
have  been  too  often  described  to  require  of  me  a  ver}' particular  notice. 
The  outcrop  of  that  belt  of  the  rock,  hitherto  found  productive,  occu- 
pies a  narrow  strip  of  country  along  the  southern  base  of  the  trap 
ridge,  which,  on  Keweenaw  Point,  lies  a  little  back  from  the  south 
shore  of  the  lake,  and  reaches  farther  and  farther  inland  towards  the 
southwest,  till,  beyond  the  Ontonagon  River,  it  is  more  than  twenty 
miles  in  the  interior.  The  length  on  which  this  range  is  worked  at 
intervals  is  about  one  hundred  miles.  Its  features  on  Keweenaw  Point 
differ  somewhat  from  those  near  tlie  Ontonagon.  On  the  Point,  the 
(productive  portion  so  far  proves  to  be  a  belt  of  amygdaloid  of  un- 
known width  lying  beneath  the  mass  of  compact  trap,  which  forms 
the  summit  of  the  ridge.  There  is  no  positive  evidence  that  the 
amj'gdaloid  exceeds  a  few  rods  in  thickness  without  interruption, 
though  it  may  attain  much  greater  dimensions.  Its  thickness  is  im- 
portant, because  the  veins  which  pass  vertically  across  these  rocks, 
at  right  angles  to  their  course  and  to  the  lake  shore,  are  only  produc- 
tive in  the  amygdaloid  ;  and  as  this  rock  passes  under  the  compact 
trap  of  the  steep  ridge  by  a  northerly  dip  of  about  20°,  it  would  soon 
carry  the  rich  portion  of  the  vein  out  of  reach,  unless  the  rock  at- 
tained a  considerable  depth  or  thickness,  as  well  as  lateral  extension. 
The  law  elsewhere  established  of  veins  that  are  productive  in  one  rock 
ceasing  to  be  so  in  passing  into  another  is  nowhere  more  strikingly 
displayed  than  here.  The  thickness  of  the  amygdaloid,  then,  here  de- 
termines the  profitable  length  of  the  veins.  But  in  the  vicinity  of  the 
Ontonagon  River  the  veins  pursue  the  same  course  with  the  belts  of 
rock,  and  are  therefore  retained  for  indefinite  distances  in  the  same 
band. 

On  Keweenaw  Point  the  ridge  presents  a  long  gentle  slope  to- 
wards the  Lake  ;  but  on  its  south  side  abrupt  precipices  of  green- 
stone trap  ovei'hang  the  plain  and  swamp  below,  on  whose  margin 
next  the  clifl'  the  amygdaloid  crops  out. 

Although  on  the  north  slope  the  rock  is  sometimes  porphyritic, 
■which  in  other  mining  regions  is  regarded  as  a  favorable  characterfor 
the  existence  of  rich  veins  ;  and  although  occasional  bands  of  amyg- 
daloid alternate  with  the  compact  trap,  no  profitable  veins  have  yet 
■  been  opened  in  this  position.  J^f  on  Keweenaw  Point  they  have  been 
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found  of  promising  appearance,  the  bands  of  this  rock  have  gener- 
ally proved  too  narrow  for  the  veins  to  attain  much  length  and 
depth  before  passing  into  the  adjoining  compact  trap. 

A  little  to  the  south  of  this  ridge  is  another  parallel  range  of 
hills,  in  which  porphyritic  rocks  prevail.  In  it  the  metallic  veins 
consist  of  the  sulphurets  of  copper, — the  gra}'  and  vitreous  copper 
composing  the  principal  metalliferous  parts  of  the  lodes  so  far  as 
they  have  been  opened.  The  productiveness  and  value  of  these 
mines  are  yet  questionable. 

Farther  up  the  Lake  are  the  trap  ranges  of  the  Porcupine  moun- 
tains. No  productive  mines  have  been  opened  in  them,  though  many 
veins  have  been  partially  wrought.  This  portion  of  the  mining  re- 
gion is  not  yet  proved,  and  no  operations  are  now  in  progress 
tending  to  determine  its  importance. 

My  remarks,  therefore,  ^ipon  the  number  and  character  of  the pro- 
ductive  mmes,  will  be  limited  to  those  scattered  along  the  narrow 
metalliferous  strip  extending  from  Keweenaw  Point  southwest- 
wardly  across  the  Ontonagon. 

It  is  not  my  intention  to  describe  each  of  the  productive  mines  on 
the  south  shore.  An  account  of  them  is  in  course  of  publication  in 
the  pages  of  the  American  Railroad  .Journal.  The  names  of 
those  proved  to  be  valuable  are  the  North  West,  Cliff,  North  Amer- 
ican, and  Minnesota.  Other  mines  similarly  situated,  and  |)resenting 
equally  favorable  external  features,  and  which  have  already  furnished 
some  copper,  are  the  North  Western,  Albion,  Douglass,  Houghton, 
Algonquin  and  Ontonagon  {of  Boston).  These  are  at  present  lying 
idle  only  for  want  of  the  necessary  capital  to  work  them. 

The  lodes  consist  of  veinstones,  as  quartz,  laumonite,  calc-spar, 
prehnite,  epidote,  and  chlorite,  with  fragments  of  the  wall-rocks. 
Native  copper  in  fine  particles,  lumps,  and  sheets,  are  interspersed 
through  these  gangues,  and  huge  masses  of  the  metal  lie  longitudi- 
nally along  the  course  of  the  lodes.  Their  shape  is  that  of  ellipsoi- 
dal sheets;  and  they  stand  on  their  edges,  sometimes  several 
arranged  side  by  side.  Native  copper  also  penetrates  the  wall-rocks 
forming  '•'•stock  tvorJcs,"  which  have  sometimes  led  to  extensive  ex- 
plorations entirely  off  the  veins.  On  one  side  or  the  other  the 
vein  cleaves  perfectl}'  from  the  wall ;  on  one  side  it  often  clings 
to  it. 

The  mines  are  wrought  wholly  for  native  copper.  The  veinstone 
with  scattered  particles  furnishes  what  is  called  stamp  worJc,  which  is 
crushed  under  heavy  stamps  and  then  washed  ;  the  lumps  are  called 
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barrel  ore,  being  packed  inbarrels  for  transpoi'tation  ;  and  the  masses 
after  being  cnt  up  into  pieces  not  exceeding  two  tons  in  weight,  are 
shipped  in  bulk.  The  size  of  some  of  these  masses  is  so  enormous 
as  ahnost  to  exceed  belief.  The_y  have  been  broken  up  in  the  Cliff 
mine  of  sixt}' and  even  eighty  tons  in  weight.  Such  pieces  are  re- 
duced in  tlje  mine  to  fragments  of  seven  tons  weight  and  less,  and 
after  being  hoisted  to  the  surface  are  still  farther  reduced. 

At  the  Minnesota  Mine,  near  the  Ontonagon  River, I  had  an  oppor- 
tunity of  examining  in  June  the  most  extraordinary  mass  yet  met 
with.  Two  shafts  had  beeu  sunk  on  the  line  of  the  vein  one  hundred 
and  fifty  feet  apart.  At  the  depth  of  about  thirty  feet  they  struck 
massive  copper,  which  ]ay  in  a  huge  sheet  with  the  same  underlay 
as  that  of  the  vein — about  55°  towards  the  north.  Leaving  this  sheet 
as  ahanging  wall,alevel  was  run  under  it  connecting  the  two  shafts. 
For  this  whole  distance  of  one  hundred  and  fifty  feet  the  mass  ap- 
pears to  be  continuous,  and  how  much  further  it  goes  on  the  line  of 
the  vein  either  way  there  is  no  evidence,  nor  beside  to  what  depth 
it  penetrates  in  the  solid  vein.  I  examined  it  with  care,  striking  it 
repeatedl}^  with  my  hammer  in  order  to  detect  if  possible  bv  the 
sound  any  break  or  interruption  there  might  be  in  the  mass — for  a 
thin  scale  of  stone  encrusted  it  sometimes  and  concealed  the  face  of 
the  metal.  Examinations  had  been  made  by  drilling  through  this 
scale,  where  it  attained  the  thickness  of  an  inch  or  so  ;  but  in  no 
place  had  any  sign  of  a  break  been  found.  It  formed  the  whole  hang- 
ing wall  of  the  level,  showing  a  width  of  at  least  eight  feet  above  the 
floor  in  which  its  lower  ledge  was  lost.  It  had  been  cut  through  in 
only  one  place,  where  a  partial  break  afforded  a  convenient  oppor- 
tunity. Measuring  the  thickness  here  as  well  as  the  irregular  shape 
of  the  gap  admitted,  it  was  found  somewhat  to  exceed  five  feet. 
Assuming  the  thickness  to  average  onl}'  one  foot,  tliere  would  be  in 
this  mass  twelve  hundred  cubic  feet,  or  about  two  hundred  and  fifty 
tons — still  it  is  not  safe  to  assume  even  one  foot,  for  the  masses 
vnvy  extremely  in  thickness. 

The  mode  adopted  to  remove  those  masses  is  to  cut  channels 
through  them  with  cold  chisels,  after  they  are  siiatteredby  largo  sand 
blasts  put  in  behind  them.  Grooves  arc  cut  with  the  chisels  across 
their  smallest  places,  one  man  holding,  and  another  striking,  as  in 
drilling.  A  chip  of  copper  three-fourths  of  an  inch  wide  and  up  to 
six  inches  in  lengtii  is  taken  out,  and  the  process  is  repeated  until  the 
groove  passes  through  the  mass.  The  expense  of  this  work  is  from 
eight  dollars  to  twelve  dollars  per  superficial  foot  of  the  face  exposed. 
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Fragments  of  veinstone  enclosed  in  the  copper  prevent  the  use  of 
saws.  A  powerful  machine,  occupying  little  room,  is  much  needed, 
which  would  perform  more  economically  this  work. 

The  greatest  thickness  of  an_y  mass  cut  through  at  the  Cliff  Mine 
has  been  about  three  feet.  Their  occurrence  through  the  vein  is  not 
regular.  Barren  spots  alternate  with  productive  portions.  The 
same  is  the  case  in  all  the  mines.  The  total  product  of  the  Cliff 
Mine  for  the  year  1848  is  estimated  at  eight  hundred  and  thirty 
tons,  averaging  sixt}''  percent.  During  the  present  year,  more  than 
half  this  amount  has  been  already  sent  down,  and  there  is  enough 
more  on  the  surface  and  in  sight  in  the  mine  to  warrant  the  belief 
that  one  thousand  tons  will  be  the  product  of  the  year's  work,  or  six 
hundred  tons  of  copper.  Tlie  whole  amount  of  copper  annually  im- 
ported into  the  United  States  is  about  the  value  of  $2,000,000,  or 
about  five  thousand  four  hundred  tons.  But  little  has  been  supplied 
from  our  own  mines.  Nine  such  mines  then  as  the  Cliff  would  render 
us  independent  of  foreign  supplies.  From  present  appearances, 
after  careful  examination  of  the  region,  and  consideration  of  the 
progress  made  in  raining  since  my  last  visit  in  1846,  I  feel  myself 
warranted  in  expressing  a  decided  conviction  that  this  amount  of 
copper  must  be  supplied  in  very  few  years,  and  this  metal  soon  be- 
come, as  lead  already  has,  one  of  export  instead  of  import.  The 
recent  failures  of  mining  speculations  wildly  undertaken,  and  ig- 
norantl}'  and  extravagantly  conducted,  may  for  a  time  check  the 
development  of  these  mines  ;  but  their  wonderfully  rich  character  is 
now  beginning  to  be  properly  appreciated,  as  well  as  the  reliance, 
which  ma}^  be  put  in  the  surface-appearance  of  the  veins.  Some 
curious  features  in  their  character  and  distribution  have  been  de- 
tected, which  have  heretofore  escaped  observation  for  want  of  suffi- 
cient data,  and  which  will,  I  believe,  be  found  of  great  consequence 
in  the  selection  of  the  best  localities.  These,  after  further  examin- 
ation, I  may  at  another  time  make  public.  The  history  of  these 
mines  so  far  has  remarkably  proved  the  foresight  and  excellent 
judgment  of  the  lamented  Dr.  Houghtou,  particularly  so  in  his  pre- 
dictions of  the  disastrous  effects  that  must  result  from  such  specu- 
lations, as  have  caused  the  countr^^  to  be  overrun  by  hordes  of 
adventurers. 

The  silver  found  associated  with  the  copper  has  not  proved  of 
much  importance,  perhaps  for  the  reason  that  the  greater  part  of 
it  is  purloined  by  the  miners.  The  Cliff  Mine  has  probably  yielded 
move  tban  thirty  thousand  dolhii-s'  worth,  of  which  not  more  than 
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a  tenth  part  has  been  secured  by  the  proprietors.  I  saw  myself,  the 
present  season,  no  less  than  six  pounds  and  eight  ounces  of  lumps 
and  bars  of  silver  seized  in  the  hands  of  an  absconding  workman. 

As  to  the  structure  of  the  veins,  remarks  have  already  been  of- 
fered by  Dr.  Jackson,  and  hypotheses  suggested  as  to  the  various 
modes  b}'  wliich  such  immense  masses  of  copper  have  been  brought 
into  the  vein  fissures.  Objections  were  offered  as  to  the  probability 
of  their  being  due  to  igneous  injection,  for  the  reason  that  the  cop- 
per was  impressed  with  the  forms  of  crystals  of  quartz  and  preh- 
nite  of  tlie  veinstones.  May  not  the  fissures  have  been  filled  by 
igneous  injection,  and  the  sublimation  from  these  masses  of  molten 
matter  gathered  around  the  crystalline  forms  in  the  veins,  and  so 
taken  their  casts  ?  As  the  ragged  masses  of  copper  contracted  on 
cooling,  clefts  and  cavities  were  left,  into  which  subsequent  argen- 
tiferous injections  may  have  penetrated,  the  silver  occupying  the 
cavities  as  moulds  ;  and  failing  to  unite  with  the  copper  for  want 
of  sufficient  heat  to  melt  the  latter.  Tlie  two  metals,  as  they  are 
found  closely  connected  together,  yet  each  distinct  from  the  other, 
may  be  imperfectly  separated  by  a  low  heat,  just  sufficient  to  melt 
the  more  fusible  silver,  leaving  the  copper  behind. 

The  point  to  which  I  wish  to  ask  attention,  as  to  the  relation  of 
the  veins  to  their  repositories,  is  the  different  character  of  the  two 
sets  of  veins — that  on  Keweenaw  Point,  and  that  in  tlie  vicinity  of 
the  Ontonagon.  The  former,  as  stated  by  Dr.  Jackson,  cross  the 
range  of  hills  nearly  at  right  angles  ;  but  the  latter,  as  I  have  ob- 
served, pursue  a  course  longitudinally  with  the  ridges,  and  are  in 
eluded  in  the  bands  (which  for  convenience  may  be  called  strata) 
of  the  amygdaloid.  The^'^  have  tlie  same  underlay  or  dip,  as  well 
as  bearing  of  the  trap  ;  tlie  Minnesota  vein,  for  instance,  lying 
nearly  east  and  west,  and  dipping  about  55°  towards  the  north. 
The  former  set  are  evidentl}'  true  veins  ;  but  about  the  latter  a 
question  has  been  raised,  whether  they  were  not  rather  to  be  re- 
garded ns  included  beds,  and  therefore  not  permanent.  The  same 
question  has  been  raised  as  to  the  character  of  the  veins  of  mag- 
netic iron  of  the  Champlain  district  of  New  York,  and  of  those  of 
New  Jersey,  as  well  as  of  the  zinc  mines  of  the  same  district. 
And  it  is  even  understood  that  an  unfavorable  report  has  been  pre- 
sented of  these  zinc  mines,  by  a  distinguished  French  geologist, 
on  the  ground,  that  being  included  beds  in  the  strata  of  gneiss, 
they  cannot  be  depended  upon  for  permanent  supplies  of  ore. 
The   sul)ject  is   a   highly  important  one,    being   so  closely  con- 
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nected  with  the  minhig  interests  of  the  country.  And  if  such 
opinions  are  to  be  admitted,  they  cannot  fail  to  affect  the  vahie  of 
man}'  of  its  at  present  most  higlily  estimated  mines.  From  many 
facts  connected  M'ith  tliese  metalliferous  deposits,  I  cannot  but  re- 
gard them  as  of  tlie  same  general  character  with  veins  which  cross 
the  strata.  Like  them  they  are  filled  with  similar  veinstones  and 
metals,  their  relation  to  the  wall-rock  is  the  same — one  side  often 
clinging  to  and  passing  into  the  wall,  and  one  side  cleaving,  in  a 
strongl3Mnarked  line  of  separation,  from  it.  The  metals  and  ores 
are  disseminated,  more  or  less,  through  the  wall-rocks ;  and  it  is 
hardly  to  be  conceived,  that  because  the  one  set  happened  to  pass 
along  these  lines  of  separation  of  the  rocks,  which  were  the  lines  of 
least  resistance,  they  sliould  be  regarded  as  of  uncertain  character  ; 
while  to  the  other  set,  wliich  cut  across  the  strata,  an  entirely  dif- 
ferent value  is  attaclied.  Such  an  opinion  is  not  supported  by  the 
results  of  all  the  longitudinal  veins  of  iron,  zinc  and  copper  mines, 
hitherto  wrought  in  the  United  States. 

The  relics  of  ancient  mining  operations  consist  of  excavations 
found  along  the  line  of  the  veins  and  of  numerous  stone  hammers 
scattered  around  them.  Some  copper  tools  have  also  been  found  in 
these  excavations.  Tliese  workings  are  scattered  over  the  whole 
mining  region  and  extend  even  to  Isle  Royale.  The  pits  are  sunk  to 
the  depth  of  twelve  or  fifteen  feet,  even  into  the  solid  veinstone  ;  they 
have  subsequently  been  filled  with  sand  and  gravel,  and  on  this  trees 
have  grown  more  than  one  hundred  years  old.  They  have  therefore 
this  age,  beside  the  time  occupied  by  the  slow  filling  up  the  cavities 
by  natural  causes.  The  hammers  are  so  abundant,  that  at  the  Minne- 
sota mine,  I  was  informed  by  the  agent  of  the  company,  fifty  cart 
loads  of  them  might  be  collected.  They  are  made  of  a  hard  variety 
of  trap  rock,  and  resemble  in  form  the  hammers  or  pestles  found 
often  in  New  England.  With  these,  and  probably  by  the  aid  of  fire, 
to  render  the  rock  brittle,  the  ancient  miners  penetrated  into  the 
solid  veinstone,  and  removed  considerable  masses  of  the  metal.  One 
of  these,  found  in  one  of  .the  pits  at  the  Minnesota,  at  the  depth  of 
twelve  feet,  which  was  abandoned  by  the  old  workmen,  probably 
because  it  was  too  large  for  them  to  remove,  after  being  extracted 
and  cut  up,  was  found  to  weigh  over  five  tons.  This  had  been  per- 
fectly cleaned  from  the  veinstone  and  all  adhering  rock,  before  it 
was  left.  It  had  been  partially  raised  up  and  was  found  resting  on 
charred  skids  of  timber,  which  bore  the  marks  of  cutting  instruments. 
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I  cannot  agree  with  Dr.  Jackson,  who  has  expressed  an  opinion 
that  all  these  are  the  workings  of  Indians.  This  race  has  no  use 
for  copper,  and  there  are  no  traditions  of  their  having  sought  for  it. 
In  the  researches  of  Messrs.  Squier  and  Davis,  upon  the  western 
mounds,  they  met  with  copper  chisels,  one  of  which  was  handed  me 
for  chemical  examination,  to  determine,  if  possible,  an}'  indication 
it  might  bear  of  having  come  from  the  mines  of  native  metal  of 
Lake  Superior.  It  gave  no  trace  of  silver,  but  was  pure,  soft 
copper,  like  much  found  in  this  region.  And  I  cannot  but  regard 
it  as  connecting  itself  with  these  obscure,  ancient  workings. 
These  and  the  mounds  appear  to  me  to  be  the  result  of  the  same 
race,  one  more  intelligent  and  skilful  than  the  present  race  of  In- 
dians. 

The  workings  of  the  English  companies,  about  the^-ear  1670,  are 
known,  and  are  moreover  characterized  by  the  remains  of  iron 
utensils,  which  have  been  found  about  them. 

Should  any  other  relics,  as  the  curiously  carved  figures  of  ani- 
mals in  the  hardest  porphyry,  or  a  single  skull  of  one  of  the  work- 
men be  found,  this  interesting  question  would  be  at  once  settled. 

Dr.  Jackson  objected  to  Mr.  Hodge's  opinion,  that  the  ancient 
mining  operations  were  the  work  of  the  mound-builders,  for  scalp- 
ing knives  have  been  found  among  them. 

Dr.  Moss  thought  they  were  the  operations  of  the  English,  who 
emplo3'ed  the  Indians  in  the  work. 

Prof.  Rogers  spoke  with  reference  to  the  question  whether  the 
veins  of  copper  and  iron,  enclosed  in  strata  of  rock,  are  true  veins, 
injected  after  the  formation  of  the  strata,  or  beds  formed  at  the 
same  time  as  the  strata  ;  expressed  his  decided  opinion  that  the}'  were 
true  veins,  and  stated  facts  and  arguments  to  support  that  opinion. 


On  the  Erratic  Phenomena  of  the  White  Mountains. 
By  Prof.  Arnold  Guyot. 
Prof.  Guy'Ot  remarked  of  these  phenomena  as  compared  with 
those  of  the  mountains  of  Europe.  He  found,  in  general,  in  both 
countries,  the  valleys  near  the  mountains  filled  with  blocks  very 
similar  to  those  on  the  tops  of  the  mountains,  and  extending  at 
great  distances  from  the  centres  of  dispersion  ;  and  he  atlvanced 
the  idea  that  the  White  Mountains  may  be  a  centre  of  dispersion 
for  a  great  extent  of  country  around. 
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Prof.  Rogers  said  this  was  a  most  interesting  point.  We  had 
been  disposed  to  think  that  the  White  Mountains  were  no  centre  of 
dispersion.  They  all  agree  in  pointing  to  the  north  and  south.  If 
be  understood  Prof.  Guyot,  he  would  think  that  he  considered  that 
there  was  a  centre  of  dispersion.  He  believed  it  was  true  that  the 
Alps  sent  out  their  glaciers  in  different  directions.  But  having 
visited  the  Wiiite  Mountains  and  the  hills  of  Vermont,  he  found 
there  no  evidence  of  any  such  thing.  Instead  of  the  materials  having 
been  dispersed  in  all  directions  downward,  they  had  been  pushed 
upward,  to  the  height  of  five  thousand  feet.  This  opinion  he  sus- 
tained with  a  variety  of  interesting  facts,  which  he  illustrated  with 
diagrams  on  the  blackboard. 

Prof.  Guyot  asked  whether  the  rocks  beyond  the  White  Moun- 
tains were  different  from  those  spread  around  the  White  Mountains. 

Prof.  Rogers  said  that  the  mountains  beyond  the  White  Moun- 
tains were  a  continuation  of  the  Green  Mountain  range. 

Prof.  Agassiz  said  there  were  two  points  that  should  be  taken  into 
view.  One  was,  that  there  were  centres  of  dispersion  of  erratic 
materials,  in  ranges  of  high  mountains.  He  was  satisfied  there  were 
indications  of  this  in  England,  Scotland,  Ireland,  and  Wales.  These 
had  been  distinctly  traced.  The  result  of  ten  3'ears'  examination  had 
confirmed  this  opinion. 

Prof.  Rogers  said  he  admitted  this  with  regard  to  Europe  ;  but 
the  question  was,  whether  the  same  existed  at  the  White  Mountains. 
Prof.  Agassiz  thought  that  the  White  Mountains  had  been  under 
the  influence  of  the  general  movement  from  the  north  ;  but  had 
since  itself  become  a  centre  of  distribution  within  narrow  limits. 

Dr.  Jackson  remarked  that  he  had  traced  the  drift  boulders,  which 
occur  at  the  Willey  House  slide,  near  the  notch  of  the  White  Moun- 
tains, to  their  parent  ledge,  north  of  the  White  Mountains.  While 
travelling  along  the  road  east  of  the  White  Mountains — the  road 
which  goes  from  Jackson  to  Randolph — he  observed  a  slide  at  the 
side  of  the  mountains,  and  on  examining  the  boulders,  he  found  them 
to  be  metamorphic  argillaceous  slates,  containing  andalusite  macles. 
On  ascending  the  mountain,  from  which  the  slide  came,  he  found  the 
slate  rocks  with  the  made  crystals  in  place  all  along  the  road  ;  south 
of  this  ledge  he  saw  boulders  of  this  rock,  and  found  that  they  also 
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constituted  a  part  of  the  debris  that  rolled  down  the  mountain  side 
and  formed  the  mass  of  the  slide  or  land  fall  at  the  Willey  House. 
These  boulders  are  also  found  as  far  south  as  the  seaeoast  at  the 
Boar's  Head  near  Hampton.  It  appears  from  the  rocks  found  at  the 
Willey  House  landfall,  that  the  boulders  were  piled  up  on  the  side  of 
tliat  hill  at  a  considerable  elevation,  and  formed  a  steep  slope.  He 
referred  to  his  Geological  Reports  on  Maine  and  New  Hampshire  for 
numerous  facts  illustratingthe  movementsof  water  and  icefloes  from 
the  nortli,  and  for  more  curious  instances  of  deflection  of  the  current 
by  the  agency  of  the  mountains  in  its  general  trade.  He  tliought 
that  no  evidence  had  yet  been  adduced  to  prove  the  existence  of 
glaciers  radiating  from  our  principal  mountain  groups,  and  it  was 
certain  that  tlie  drift  current  paid  little  attention  to  them,  but  swept 
over  and  around  them.  There  being  no  instances  recorded  of  the 
transportation  of  boulders  towards  the  north,  he  could  not  impute 
their  removal  to  the  agencj^of  mountain  glaciers,  but  although  the 
causes  of  tlie  movement  of  drifts  were  still  uncertain,  he  found  more 
reason  to  believe  that  currents  of  water,  aided  by  immense  ice  floes 
from  the  north,  would  account  for  more  of  the  phenomena  than 
an}^  other  agency  that  had  been  invoked. 

Prof.  Hall  thought  the  point  not  demonstrated,  that  we  have  not 
centres  of  dispersion,  and  that  the  subject  deserves  further  attention. 
He  further  remarked,  that  if  the  drift  materials  were  all  from  the 
north,  we  should  find  on  the  northern  slopes  of  the  White  Mountains 
deposits  of  fragments  or  boulders  of  Silurian  limestones  and  sand- 
stones from  those  rocks,  which  are  found  in  situ  farther  to  the  north. 

Mr.  RtDbMELD  believed  that  the  phenomena  of  the  boulders  and 
drift  should  be  attributed  to  mixed  causes,  and  that  the  theories 
which  refer  these  phenomena  to  the  several  agencies  of  glaciers,  ice- 
bergs, and  packed  ice,  are,  in  truth,  more  nearl^'^  concurrent  than  is 
commonly  imagined.  It  was  not  simply  the  action  of  icebergs  as  ob- 
served by  navigators  that  we  were  to  take  in  view,  but  principally 
annual  expansions  of  a  grounded  and  vastly  continuous  pack  of  ice 
and  icebergs,  during  the  long  winters  ;  as  found  even  in  our  own  day 
on  the  northern  shores  of  our  continent.  The  contemplation  of  such 
agencies,  through  long  and  successive  periods  and  at  different  levels 
of  the  shores  and  bottom,  together  with  the  casual  action  of  ground- 
ice  and  moving  icebergs,  may  go  far  towards  reconciling  these 
different  views  with  a  general  theory  of  aqueous  and  glacial  action. 


FOR    THE  ADVANCEMENT    OF    SCIENCE.  311 

In  regard  to  the  theory  advocated  by  his  friend  Prof.  Rogers,  he 
saw  not  how  the  fact  of  a  general  transport  of  the  drift  and  boulders 
from,  higher  towards  lower  latitudes  could  be  reconciled  with  its 
requirements  ;  even  if  we  waive  all  other  objections.  For  the  great 
centres  of  elevation  and  of  volcanic  action  on  our  globe  are  so 
situated  as  to  preclude,  apparent]}',  any  such  uniformity  in  the 
direction  of  transport,  b\^  the  supposed  action  of  great  earthquake- 
waves,  emanating  from  such  centres  of  disturbance. 

Prof.  AGASsizsaid  he  had  seen  boulders  transported  from  the  Alps 
to  the  Jura  displaced  by  glaciers  descending  from  tlie  summitsof  the 
Jura  ;  and  he  could  not  believe  that  American  geologists  were  justi- 
fied to  say  that  there  were  no  similar  phenomena  in  this  country',  and 
that  in  no  instance  the  northern  boulders  had  been  rearranged  within 
the  range  of  the  White  Mountains,  or  the  mountains  of  New  York. 

Prof.  Hall  said  he  had  seen  in  the  valle^^  near  the  St.  Lawrence, 
rocks  which  he  believed  had  come  from  the  South.  These  boulders 
and  angular  fragments  were  of  the  same  character  as  the  feldspathic 
granites  of  the  northern  counties  of  New  York,  man}-  of  them  con- 
taining Labradorite,  and  the  specimens  undistinguishable  from 
those  of  Essex  County. 


On  the  Erratic  Phenomena  of  the  Central  Alps. 
By  Prof.  A.  Guyot. 

The  diluvian  or  drift  period,  the  most  recent  and  tlierefore  one 
of  the  most  interesting  in  geology,  has  nevertheless  been  for  a  long 
time  one  of  the  most  neglected,  doubtless  on  account  of  the  numer- 
ous difficulties  the  study  of  it  presents.  Yet  the  importance  of  the 
questions  which  are  connected  with  it,  and  the  very  difficulty  of  mak- 
ing outthe  causes,  and  the  mode  of  transportof  the  materials  which 
compose  this  formation,  have  fixed  the  attention  of  scientific  men 
anew  upon  this  epoch  in  tlie  history  of  our  globe.  Various  theories 
of  these  phenomena  have  been  proposed  and  warmly'  debated. 
After  having  examined  the  foundations  on  which  the\'  rest,  and 
being  struck  with  the  total  insufficiency  of  our  knowledge  upon  the 
subject  to  resolve  this  difficult  problem,  Mr.  Gutot  determined  to 
study  carefully  the  facts  of  this  class  upon  the  classic  soil  of  Swit- 
zerland, his  native  country.     He  sought  to  establish  by  observation 
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and  independently  of  all  theory,  the  bearings  and  the  general  laws 
of  the  erratic  phenomenon  in  the  central  Alps  and  their  vicinity. 
The  results  of  this  study,  pursued  without  cessation  during  thp  last 
eight  years,  he  desires  to  submit  briefly  to  the  Society,  adding  such 
considerations  as  seem  to  flow  immediately  from  tlie  facts  established 
b}'  this  investigation. 

The  researches  of  Mr.  Guyot  have  extended  over  all  that  part  of 
central  Alps  comprised  between  the  sources  of  tlie  Rhine  and  of 
the  Adda,  on  the  one  side,  and  the  point  of  junction  of  the  Jura 
and  the  Alps  on  the  other,  in  the  neighborhood  of  Cliarabery  in 
Savoy.  They  embrace  the  two  slopes,  north  and  south,  as  is  shown 
by  the  map  of  the  erratic  region  exhibited  to  the  Societ}',  but  they 
have  had  more  especially  for  their  object  the  former,  that  is,  the 
vast  triangular  basin  of  lower  Switzerland  and  Savo}',  comprised 
between  the  Alps  and  the  Jura. 

This  portion  of  the  Alps,  which  comprises  Mont  Blanc,  Monte 
Rosa,  the  Bernese  and  Grison  Alps,  is  the  most  elevated,  and  in  all 
respects  the  most  remarkable  of  the  Alpine  system.  If,  on  the 
one  hand,  the  observer  encounters  great  difficulties  in  traversing 
this  deeply  broken  region,  in  penetrating  the  extent  of  these  desert 
valleys,  and  in  ascending  from  glacier  to  glacier  to  those  lofty  sum- 
mits, to  question  with  the  hammer  those  rocks,  covered  with  eternal 
snow,  on  the  other,  it  may  be  said  that  few  regions  seem  more 
favorable  for  researches  of  this  kind.  The  vast  proportions,  and 
the  intensity  of  the  erratic  phenomena,  tlie  particular  disposition 
of  the  valleys,  and  above  all,  the  endless  variety  of  the  rocks  which 
compose  the  different  Alpine  masses,  and  which,  from  one  place 
to  another,  present  always  some  characteristic  difference,  which 
allows  us  to  ascertain  their  displacement,  and  to  follow  their  track 
with  certainty  ; — all  these  circumstances  give  to  the  results  obtained 
a  degree  of  certaint}'  which,  perhaps,  it  would  be  ditlicult  to  attain 
to  elsewhere. 

The  central  portion  of  the  Alpine  masses  presents,  almost  every- 
where, crystalline  rocks,  so-called  primitive,  but  probably  metamor- 
phic,  granite,  gneiss,  talcose-syenile,  serpentine,  and  other  analo- 
gous rocks.  Farther  towards  the  exterior,  the  micaceous  chloritic 
and  talcose  slates  prevail :  these  two  groups  of  rocks  predominate 
in  the  erratic  region.  Then  come  the  calcareous  and  secondary 
sandstones  ;  finally,  along  the  borders,  the  tertiary  deposits,  under 
the  form  of  sandstone  and  of  conglomerates,  forming  the  high 
mountains  which  border  the  low  lands. 
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The  Swiss  plain  itself  is  covered  with  a  peculiar  tertiary,  sand- 
stone, the  molasse  which  fills  the  basin  as  far  as  the  foot  of  the 
Jura.  The  limestones  which  form  the  Jura  are  themselves,  in  a 
mineralogical  point  of  view,  very  different  from  those  of  the  Alps  ; 
so  that  the  erratic  fragments,  coming  from  the  Alps,  cannot  be 
confounded  with  those  of  the  soil  on  which  they  lie. 

The  erratic  drift,  spread  at  the  foot  of  the  Alps,  presents  sub- 
stantially two  distinct  la3'ers,  placed  one  upon  the  other.  The 
lower  is  a  deposit  composed  of  pebbles  of  all  sizes,  rounded,  often 
stratified,  although  irregularly,  forming  strata  levelled  at  the  sur- 
face, deep  and  intermingled  with  beds  of  sands.  It  contains  no 
large  blocks  nor  angular  fragments  ;  the  pebbles  are  never  striated  ; 
they  are  washed  and  are  not  accompanied  by  the  muddy  slime 
which  characterizes  the  upper  deposit.  This  terrain,  moreover, 
occupies  the  bottom  of  the  valleys  and  the  basins,  as  that  of  Gen- 
eva and  Lombardy,  and  never  rises  to  the  heights  which  border 
them.  Fossils,  elephants'  teeth,  lignites,  are  found  there,  though 
rarely.  This  deposit  has  received  from  Swiss  geologists  the  name 
of  the  Ancient  Alluvium  (Alluvion  ancienne). 

The  upper  deposit  is  the  deposit  of  blocks,  the  erratic  group  prop- 
erly so  called.  It  is  composed  of  pebbles,  angular  fragments,  and 
especially  of  blocks  of  every  size,  angular  or  rounded.  All  these 
fragments  are  thrown,  as  it  were,  pell-mell,  without  regulai"  stratifi- 
cation, without  being  sorted  according  to  their  size  ;  so  that  often 
in  a  section  of  more  than  one  hundred  feet  in  thickness,  we  see 
blocks  of  several  feet  in  diameter,  scattered  indifferently  through 
the  whole  height  of  the  layer,  in  the  midst  of  the  minutest  materials. 
Nevertheless,  the  largest  blocks,  and  the  angular  blocks  are  more 
on  the  surface,  or  at  a  small  distance  under  the  soil.  All  these  frag- 
ments are  accompanied  by  a  miry  slime,  or  by  a  characteristic 
earthy  sand,  and  the  pebbles  are  deeply  scratched.  Finally,  this 
drift  covers  not  only  the  low  places,  but  it  shows  a  marked  prefer- 
ence for  the  heights,  where  the  large  blocks  are  accumulated  in 
greater  numbers  than  in  the  low  bottoms.  Moreover,  it  rises  sev- 
eral thousand  feet  above  the  plain,  and  forms  the  upper  limit  of  the 
erratic  terrain.  Mr.  Guyot  has  occupied  himself  especially  with  this 
upper  deposit,  and  with  the  mode  of  dispersion  of  the  erratic  blocks. 
The  results  of  these  researches  may  be  summed  up  as  follows  : 

1.  The  chain  of  the  Alps  is  the  central  mass,  whence  the 
erratic  fragments  spread  over  the  valleys  and  the  plains  which  sur- 
round it,  have  descended,  branching  out  in  all  directions.     The 
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extreme  limits  of  the  space  where  these  boulders  are  met  with  are 
usuall}^  clearly  traced,  and  the  region  of  the  Alpine  erratic  boulders, 
although  touching  at  some  points  on  those  of  the  Vosges  and  the 
Black  Forest,  is  not  confouuded  with  them.  There  is  neither  inter- 
mingling nor  insensible  transition  from  one  to  the  other. 

2.  The  space  comprised  between  the  Alps  and  the  Jura  presents 
seven  great  groups  of  rocks  or  erratic  basins,  differing  from  each 
other,  each  group  corresponding  to  one  of  the  great  Alpine  valleys, 
which  open  upon  the  plain.  On  the  southern  slope  we  distinguish, 
in  the  limits  indicated,  four  great  erratic  basins,  in  which  the  partic- 
nlar  grouping  of  the  valle_ys,  and  the  bifurcation  at  their  extremity, 
introduce  some  modifications. 

3.  The  limits  of  the  erratic  basins  touch  each  other  for  great  dis- 
tances without  their  respective  rocks  intermingling  in  any  sensible 
degree. 

4.  In  the  interior  of  each  basin  also,  the  different  kinds  of  rocks 
taken  separately,  are  not  absolutely  intermingled  ;  they  tend  to  form 
linear  series,  which  keep  the  same  relative  situation  in  the  plain 
that  the  rocks  occupied  in  the  mountains  ;  so  that  the  rocks  of  the 
lower  borders  of  the  valley  keep  to  the  respective  borders  of  the 
basin,  while  the  others  are  situated  further  towards  the  interior  of 
the  basin,  in  proportion  as  they  come  from  points  nearer  the  origin 
of  the  vallej'. 

5.  The  volume  of  the  blocks  and  of  the  erratic  fragments  does 
not  go  on  decreasing  in  proportion  as  they  are  found  iartiier  from 
the  Alps.  The  largest  blocks,  on  the  contrary,  are  generally  sit- 
uated at  the  extremity  of  the  basins,  at  points  the  most  remote 
from  their  place  of  origin,  and  often  form,  as  in  the  Jura,  the 
extreme  limit  of  the  Alpine  debris,  which  stop  suddenly  with 
them. 

6.  There  exists,  in  the  Alps  themselves,  as  in  the  Jura,  a  superior 
limit,  above  which  the  erratic  blocks  and  the  pebbles  are  not  found 
and  which  indicates  the  existerce  of  an  ancient  surface  level,  de- 
scending regularly  from  the  Alps  to  the  Jura.  This  limit  is  9000 
feet,  at  the  centre  of  the  Alps  at  the  point  of  departure  of  the 
erratic  fragments  ;  4000  or  thereabout  at  the  outlet  of  the  valleys  ; 
3700  feet  on  the  Jm-a,  preserving  almost  everywhere,  a  relative 
height  of  about  2500  feet  above  the  neighboring  bottom.  Yet  on 
tiie  sides  of  the  Jura,  this  limit,  from  its  maximum  point  lowers 
itself  gradually  towards  the  west,  and  descends  to  the  east  almost 
to  the  level  of  the  plain. 
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7.  The  presence  of  the  blocks  is  intimatel}-  connected  with  that 
of  the  polished,  rounded,  furrowed,  and  striated  roclvs.  Tlie  limitof 
both  is  the  same.  The  polished  and  striated  rocks  are  found  only  in 
the  inteiiorof  the  basins,  and  not  be3'ond.  In  the  interior  of  the 
valleys  of  the  Alps,  the  erratic  blocks  commence  with  the  rounded 
rocks,  above  which  we  meet  onl}'  with  rocks  that  have  fallen  down 
from  the  broken  peaks  at  the  foot  of  wiiich  they  are  found. 

Such  are  the  bearings  of  tliis  great  phenomenon,  and  the  principal 
laws  which  regulate  the  distribution  of  the  erratic  blocks.  These 
general  facts  once  established,  the  field  of  the  hypotheses  which  can 
account  for  them  is  singularly  narrowed. 

The  hypothesis  of  great  currents  of  water,  of  a  great  breaking 
up,  which  at  the  first  view  seems  the  most  natural,  is  no  longer 
admissible  after  a  thorough  examination  of  the  facts.     Tlie  upper 
limit  of  the  erratic  deposit  compels  us  to  admit  that  this  current 
must  have  had  its  point  of  departure,  at  the  bottom  of  the  valleys,  in 
their  narrowest  part ;  and^'^et  its  depth  was  2000  or  2500  in  the  plain 
as  well  as  in  these  valleys.     In  these  circumstances,  whence  could  a 
mass  of  water  sufficient  to  form  such  a  current  come?     How  could 
this  current,  spreading  out  in  the  plain,  leaving  the  narrow  valley 
that  served  as  its  bed,  nevertheless  preserve  the  same  level  and  the 
same  depth,  although  it  had  become  twenty  or  thirty  times  as  broad  ? 
How  could  it  transport  blocks  of  sixty  feet  in  length,  suspended  even 
near  the  surface,  over  the  mountains  and  across  the  lakes?     How, 
notwithstanding  its  violence,  could  it  transport  these  intact  and  still 
wholly  angular,  in  regular  lines  on  the  sides  of  the  Jura?     How, 
finally,  could  it  suddenly  stop  in  the  middle  of  its  course,  without 
any  obstacle  opposing  its  spread,  and  at  the  moment  when,  to  judge 
by  the  elevated  situation  of  the  blocks  it  deposits,  it  had  still,  as 
beyond  Geneva,  a  depth  of  more  than  1500  feet?     It  is  obvious 
that  in  this  way  we  proceed  from  improbability  to  improbability. 
It  has  been  attempted  to  meet  some  of  the  objections  b}^  supposing 
this  current  animated  by  a  velocity  which  the  imagination  refuses  to 
conceive,  and  which,  hurling  the  blocks  against  the  Jura,  would  have 
reduced  them  to  powder  instead  of  depositing  them  gently-  in  the 
places  where  they  are  preserved.     Others  have  held  that  this  current 
had  the  consistency  of  a  thick  mud,  on  which  the  blocks  were  sup- 
ported.    But  how  could  this  immense  bed  of  mud  and  of  Alpine 
materials  have  disappeared  without  leaving  a  trace,  without  even 
marking  the  path  by  which  it  must  have  flowed  ?     To  lighten  the 
22 
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troublesome  weight  of  these  blocks,  others  h.ave  had  recourse  to  the 
ices  of  the  glaciers  of  the  tertiary  epoch,  which  melted,  as  they  say, 
by  the  subterranean  fires  during  the  last  upheaval  of  the  Alps,  de- 
scended in  large  fragments,  laden  with  blocks  in  the  midst  of  the 
muddy  currents,  which  were  the  consequence  of  this  sudden  melting. 
But  who  does  not  see  that  while  weakening  one  of  the  preceding 
objections,  this  hj'pothesis raises  others  quite  as  grave,  without  solv- 
ing any  better  the  problem  of  the  regular  arrangement  of  the  erratic 
fragments.  The  idea  of  one  or  more  immense  waves,  which,  in  con- 
sequence of  some  violent  shock  of  the  earth  must  have  swept  the 
continent  from  north  to  south,  and  breaking  against  the  Alps  must 
have  carried  in  their  retreat  the  erratic  boulders,  has  the  same  objec- 
tions, and  adds  one  difficulty  more  :  for  in  that  case  we  do  not  under- 
stand the  complete  separation  of  the  domain  of  the  Alpine  erratics 
from  that  of  the  neighboring  systems,  nor  why  the  rocks  of  the  north, 
particularly  those  of  the  Vosges  and  the  Black  Forest,  should  not 
have  been  swept  away  in  this  catastrophe,  and  mingled  with  those  of 
the  Alps.  Finallj',  the  tiieory  of  the  transportation  of  the  blocks  b}^ 
floating  ice,  a  theory  which  has  its  truth  elsewhere,  here  fails  en- 
tirely to  account  for  the  facts.  Applied  to  Switzerland,  it  supposes 
an  interior  sea,  of  which  we  discover  no  trace,  and  the  existence  of 
which  cannot  be  admitted,  except  by  supposing,  against  all  proba- 
bilit}',  great  changes  in  the  present  configuration  of  the  ground.  It 
would  require,  besides,  the  upper  limit  of  the  blocks,  which  should 
mark  the  shore  of  this  sea,  to  form  a  level  line,  while  it  is  every- 
where inclined,  whether  it  be  of  the  Alps  or  the  Jura,  or  upon  the 
sides  of  the  Jura  itself. 

But  it  is  especially  one  of  the  laws  announced  above,  in  the  ex- 
planation of  which  all  the  preceding  theories  fail  equally  :  namely, 
that  of  the  arrangement  of  the  different  kinds  of  rocks  in  parallel 
zones,  in  the  interior  of  each  basin.  This  arrangement  is  in  fact 
absolutely  incompatible  with  the  tumultuous  action  of  any  torrent 
whatever,  especially  if  we  take  into  view  the  violent  changes  of  di- 
rection, and  the  eddies  which  tiiey  experience  in  tlie  valleys  (as  in 
that  of  the  Rhone  at  Martigny),  the  inevitable  effect  of  which  must 
be  to  mingle  entirely  all  the  materials  which  thej'^  carry  along.  It 
is  no  less  so  with  floating  ices,  which  disperse  and  break  up  in  all 
directions,  without  order,  according  to  the  caprice  of  the  winds. 

Among  the  agents  in  operation  before  our  eyes,  there  is  only  one 
which  produces  an  assemblage  of  phenomena  like  those  which  be- 
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long  to  the  Alpine  erratic  drift ;  and  that  is  the  glaciers.  The  laws 
stated  above  are  no  other  than  the  laws  of  the  moraines,  or  the 
blocks  transported  on  the  surface  and  along  the  edges  of  the  present 
glaciers.  Mr.  Guyot  exhibits  to  the  Society  a  diagram,  showing 
the  distribution  of  the  blocks  of  the  glaciers  of  the  Aar,  and  com- 
paring this  map  with  the  erratic  map  of  the  whole  of  Switzerland, 
he  demonstrates  the  complete  identity  of  the  two  phenomena.  Not 
only,  he  adds,  is  there  identity,  but  continuity  from  one  phenomenon 
to  the  other.  The  blocks,  angular  and  arranged  in  lines,  the  striated 
pebbles,  the  rocks,  polished,  rounded  and  grooved,  commence  with 
tlie  glaciers  and  only  end  with  the  erratic  deposit.  And  this  de- 
posit in  the  Swiss  plain  presents  the  same  aspect  as  would  strike 
the  eye  of  the  observer,  if  all  tliis  basin  were  filled  with  vast  glaciers 
issuing  from  the  Alps,  and  covered  with  their  moraines.  Only  the 
ice  has  disappeared  by  melting,  leaving  upon  the  soil  its  covering 
of  l)locks,  witiiout  ciianging  anything  in  their  arrangement. 

Thus  are  explained  the  separation  of  the  basins,  the  grouping  of 
the  species  of  rocks  in  parallel  and  linear  zones,  their  distribution 
in  special  localities,  their  respective  situation,  alvvays  conformed  to 
the  position  of  the  places  whence  they  have  issued.  By  means  of 
the  law  of  central  or  medial  moraines  we  account  for  the  remarkable 
fact  that  the  blocks  which  start  from  the  most  distant  valleys,  and 
from  the  highest  summits,  are  also  those  which,  in  spite  of  their 
volume,  depart  the  farthest  from  their  primitive  position.  The 
preservation  of  the  blocks,  their  angular  forms,  their  passage  across 
the  lakes,  their  sudden  cessation,  and  the  constancy  of  the  upper 
limit,  all  these  phenomena,  in  a  word,  for  which  no  hj'pothesis  ac- 
counts in  a  manner  at  all  satisfactorj',  are  no  longer  in  our  eyes 
an  impenetrable  mystery. 

In  presence  of  such  facts,  it  is  sound  logic  to  conclude  that  the 
transport  of  the  erratic  blocks  of  the  central  Alps  has  been  brought 
about  by  means  of  the  great  diluvian  glaciers.  This  conclusion,  it 
is  well  to  remark,  does  not  rest  upon  any  hypothesis  whatever, 
nor  upon  a  scaffolding  constructed  at  pleasure  by  the  imagination, 
but  upon  the  identity  and  continuity  of  two  groups  of  facts,  care- 
fully observed  and  henceforth  explained, — the  mechanism  of  the 
present  glaciers,  and  the  mode  of  dispersion  of  the  erratic  drift. 

If  the  existence  of  a  glacial  epoch,  or  even  the  possibility  of  the 
great  diluvian  glaciers  has  been  called  in  question,  it  is,  in  the  opin- 
ion of  Mr.  Guyot, because  it  has  been  ill  understood.  It  has  been  too 
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much  forgotten  that  the  condition  of  tlie  formation  of  great  glaciers 
is  not  an  intense  cold,  but  a  great  abundance  of  snow,  that  is,  of 
humidity.  It  is  not  then  to  a  sudden  cooling  of  the  globe  hy  an 
unknovvn  cause, — which  would  be  little  conformable  to  the  analogy 
ofthe  physical  laws, — that  Mr. Guj'ot  attributes  the  glacial  epoch, but 
solely  to  a  temporar}^  perturbation  in  the  hygronietrical  state  of  the 
atmosphere  of  the  countries  in  which  these  erratic  phenomena  have 
been  observed.  Now, without  resorting  to  any  hypothesis, but  basing 
our  conclusions  on  known  and  established  facts,  we  ma}'  affirm  that 
an  atmospheric  disturbanceof  this  kind  has  taken  place  in  the  regions 
ofthe  Alps,  at  the  end  of  the  tertiary-  epoch,  at  the  beginning  of  the 
epoch  which  succeeded,  or  at  the  diluvian  epoch.  The  hollowing 
out,  in  the  tertiary  soil,  of  broad  and  deep  valleys,  in  which  the  pres- 
ent rivers  wind  at  ease  like  brooks, and  the  deposition  of  thick  beds  of 
the  ancient  alluvium  or  ofthe  lower  drift, are  alone  sufficient  to  dem- 
onstrate the  power  of  currents  of  water, and  the  extraordinaiy  abun- 
dance of  the  rains  at  the  epoch  of  that  crisis.  All  these  waters 
necessarily  falling  in  snow  during  the  winter  of  the  climate  of  the 
temperate  regions,  covered  the  whole  ground  with  a  layer  which 
the  heat  of  summer  could  not  cause  to  disappear  entirely.  The  accu- 
mulation continued  as  long  as  this  abnormal  state  ofthe  atmosphere 
lasted, and  the  result  was  the  existence  of  vastglaciers,formed  on  the 
spot,  covering  the  ground  with  a  thick  layer  of  ice,  and  moving  on, 
as  usual, with  their  blocks, following  the  natural  slope  of  the  drift  on 
which  they  rested.  The  formation  of  glaciers  of  2000  or  3000  feet  in 
thickness,  under  the  influence  of  such  atmospherical  circumstances, 
will  not  seem  improbable,  if  we  remember  that  a  direct  measure- 
ment of  Prof.  Agassiz  gives  to  the  present  glacier  of  the  Aar,  in  its 
upper  portion,  a  thickness  of  at  least  8o0  feet,  which  may  be  one 
thousand,  if  we  judge  it  by  the  structure  of  the  valley,  and  that,  on 
the  other  side,  the  wet  summers  of  1816  and  1817  were  sufficient  to 
cause  in  the  glacier  of  la  Brenva,  on  the  slopes  of  Mont  Blanc,  an 
increase  of  at  least  200  feet  in  thickness  and  over  one  mile  in  length. 
The  presence  of  these  masses  of  ice  during  the  whole  year,  and 
over  vast  areas,  gradually  lowered  by  several  degrees  the  mean  tem- 
perature ofthe  regions  where  they  were  found,  and  brought  on  the 
cold  and  moist  climate  which  the  fauna  of  that  epoch  indicates.  At 
a  later  period  the  equilibrium  ofthe  atmospheric  waters  having  been 
restored,  the  summer  heat  melted  each  year  a  quantity  of  the  ice 
.greater  than  that  which  the  winter  had  furnished, the  diluvial  glaciers 
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gradually  lessened,  the  temperature  rose  little  by  little,  and  at  its 
entire  disappearance  returned  to  its  present  state. 

The  phases  of  the  phenomena  in  the  region  of  the  Alps,  indicated 
directly  by  the  facts,  are  then  the  following : — 

1.  Rains  of  extraordinary  abundance  and  long  continued,  give 
birth  to  powerful  currents  of  water  which  hollow  out  the  valleys  in 
the  tertiary  soil,  and  deposit  in  the  bottoms  the  ancient  alluvium, 
with  fallen  pebbles  and  without  blocks,  and  bury  there  the  last 
fragments  of  the  organized  beings  of  the  closing  epoch.  But  these 
torrents  have  nothing  in  common  with  the  monstrous  currents  of 
2500  feet  in  depth,  which,  according  to  some  hypotheses,  would 
have  deposited  the  erratic  blocks  on  the  heights.  This  is  the  epoch 
of  the  deposition  of  the  lower  drift,  or  of  the  deposit  with  pebbles. 

2.  The  atmospheric  waters  falling  in  snow  are  converted  into 
glaciers,  the  presence  of  which  makes  the  climate  considerably 
colder,  and  which  carry  along  the  Alpine  blocks  in  their  course, 
and  deposit  them  even  at  great  heights.  This  is  the  epoch  of  the 
establishment  of  the  upper  and  extreme  limits  of  the  erratic  terrain, 
properly  so  called,  or  the  upper  drift,  or  drift  with  blocks. 

3.  The  equilibrium  is  restored  in  the  atmospheric  waters,  which 
return  to  their  normal  quantity;  the  glaciers,  less  copiously  fed, 
gradually  melt,  disappear  and  leave  the  blocks  which  they  carried 
on  their  surface,  and  the  triturated  fragments  on  which  they  moved, 
lying  upon  the  ground  which  the}^  have  occupied.  The  temperature 
rises  in  proportion  as  the  cause  of  its  depression  ceases  to  exist. 
This  is  the  epoch  of  the  principal  deposition  of  the  blocks  and  of 
the  formation  of  the  accumulations  of  glacial  alluviums. 

Thus,  according  to  Mr.  Gdyot,  the  glacial  epoch  is  the  conse- 
quence of  a  disturbance,  not  of  the  temperature,  but  of  the  hygro- 
nietrical  state  of  the  atmosphere,  attested  by  the  geological  facts, 
the  causes  of  which  he  reserves  to  himself  to  inquire  into  on  another 
occasion. 

The  lowering  of  the  temperature  during  this  epoch  is  the  conse- 
quence  of  the  presence  and  not  the  cause  of  the  diluvial  glaciers. 

What  confirms  the  justness  of  these  views  is,  that  the  erratic 
phenomena,  properly  so  called,  are  confined  to  the  polar  and  tem- 
perate regions,  and  cease  to  be  observed  where  the  climate  does 
not  permit  the  atmospheric  waters  to  fall  in  snow. 

Such  seem  to  be  the  principal  phases  of  the  diluvian  epoch  in  the 
region  of  the  Alps.     But  it  is  readily  conceived  that  with  the  same 
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general  features  they  may  present  themselves  in  a  very  different 
manner  in  other  countries  and  under  wholly  different  phj'sical  cir- 
cumstances, as  in  Scandinavia  and  North  America.  It  is  from  the 
carefull}^  conducted  stud}^  of  all  the  memorials  that  remain  of  this 
important  period  in  the  historyof  our  globe,  and  not  from  hypotheses 
independent  of  rigorous  olDservation,  that  we  must  henceforth  de- 
mand the  solution  of  these  interesting  questions. 

Prof.  Agassiz  explainedthemanner  in  which  the  Swiss  geologists 
had  come  to  their  conclusions.  They  had  divided  the  work  of  inves- 
tigating the  phenomena  of  the  Alps,  and  had  thus  been  able  to  study 
every  portion  thoroughl3^ ;  and  the  map  by  which  Prof.  Guyot  had 
explained  his  views  was  thus  produced.  Prof.  Guyot  had  under- 
taken to  investigate  the  Alps,  beyond  the  limits  where  the  glaciers 
are  now  seen.  He  himself  had  devoted  his  attention  more  particularly^ 
to  the  glaciers.  For  ten  years  had  Switzerland  been  studied  in  this 
systematic  manner.  By  taking  maps  of  the  distribution  of  boulders 
in  those  places  where  the  glaciers  are  now  found,  and  where  the 
phenomena  are  seen  to  result  from  glacial  action,  and  maps  of  their 
distribution  where  the  glaciers  are  not  now  extended,  and  placing 
one  upon  the  other,  as  geometers  show  the  identity  of  forms,  the 
identity  of  these  phenomena  is  proved.  What  matter  was  it  whether 
Mr.  So-and-So  or  Mr.  So-and-So  was  prepared  to  admit  the  theoiy, 
when  the  facts  were  before  their  eyes,  showing  that  it  had  been  so? 

During  the  ten  years'  observation  of  the  Alps,  3000  points  had 
been  barometrically  observed  ;  and  an  immense  amount  of  detail 
had  been  ascertained,  as  yet  unpublished,  which  he  believed  would 
change  the  views  of  those  who  were  now  so  unwilling  to  admit  the 
glacial  theory,  at  least  so  far  as  regarded  the  Alps  and  tlie  Jura. 

Rev.  P.  Leslie.  The  world  was  making  a  very  low,  though  it 
might  be  a  very  slow  bow  to  the  Swiss  geologists,  in  recognizing  the 
minuteness,  as  well  as  the  vast  extent  of  their  investigations.  All 
that  was  now  to  be  done  was  to  ascertain  the  trulli  of  the  geological 
conclusions  to  which  Swiss  geologists  arrived  in  the  process  of  their 
investigations.  In  speaking  of  the  ancient  diluvial  deposits  beneath 
tlie  erratic  boulders,  and  in  some  other  cases,  Prof.  Guyot  had  been 
obliged  to  assume  points  which  miglit  be  questioned,  and  which  the 
investigation  of  the  Alps  alone,  perhaps,  would  not  determine.  He 
wouldinquireinwhatlightProf.  Guyot  regarded  thesediluvialstrata. 

Prof.  Guyot  replied,  that  he  had  omitted  this,  simply  becauf  e  it 
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did  not  come  witliin  his  immediate  view  ;  and  proceeded  to  explain 
the  subject. 

Prof.  Rogers  said,  that  if  a  trne  test  coidd  be  determined  be- 
tween glacial  and  diluvial  action,  it  would  be  easy  to  get  at  the 
vera  causa.  He  contended  that  the  lines,  indicating  the  dispersion 
of  the  erratics  of  the  Alps  in  the  Plain  of  Switzerland,  were  those 
of  progressive  deposition,  and  not  of  retrocessive  deposition,  and 
showed  the  difference  of  the  action  of  the  two,  observing  that  the 
lines  intimated  water  and  not  ice. 

Prof.  Agassiz  considered  the  continuation  of  the  phenomena  a 
true  test.  There  was  no  interruption  between  the  end  of  the  pres- 
ent glacier  and  the  phenomena  below  ;  and  to  call  the  one  water  ac- 
tion, while  we  know  the  other  to  be  the  action  of  ipe, would  be  absurd. 

Prof.  Rogers  would  admit  that  the  glaciers  had  extended  below 
their  present  limits,  but  believed  that  he  could  discern  the  action 
of  water  also.     There  had  been  the  action  of  both. 

Prof.  Agassiz  said  that  no  theory  which  introduced  the  agency 
of  water,  or  any  other  agency  than  that  of  ice,  within  the  limits  of 
Switzerland,  could  be  correct. 

Mr.  Bond  inquired  whether  the  largest  boulders  were  found 
nearest  the  gorge,  or  not. 

Prof.  GuYOT  stated  that  such  was  not  the  case. 

Prof.  Hall  agreed  with  Profs.  Agassiz  and  Guyot,  in  the  con- 
clusion that  ice  had  brought  about  these  facts.  In  this  country 
there  had  been  a  tendenc}'  to  oppose  the  glacial  theory,  because  it 
had  been  applied  for  the  explanation  of  diluvial  phenomena.  We 
ought  to  be  ashamed  in  this  country,  he  said,  to  speak  with  con- 
fidence, after  so  little  research,  when  there  had  been  so  much 
abroad.  He  considered  the  evidence  conclusive  that  the  phenom- 
ena of  the  Alps  could  only  have  arisen  from  the  action  of  ice. 


On  THE  Trend  op  Islands  and  Axis  of  Subsidence  in  the  Pacific. 
By  James  D.  Dana. 
The  Pacific  Ocean  to  latitude  66°  S.  covers  more  than  02,000,000 
of  square  miles,  and  exceeds  by  10,000,000  of  square  miles  the  area 
of  all  the  continents  and  known  lands  of  the  globe.  Its  islands  are 
confined,  with  few  exceptions,  to  the  latitudes  within  the  tropical 
circle:  New  Zealand  and  a  few  associates  on  the  south,  and  some 
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small  points  northwest  of  the  Hawaiian  Group,  are  almost  alone 
in  exceeding  these  limits. 

The  ranges  of  islands  throughout  the  Ocean  conform  to  a  sj'stem 
in  their  courses, which  is  remarkable  for  uniformity  and  extent.  The 
eye  at  once  discovers  a  prevailing  trend  from  the  northwestward  to 
the  southeastward,  and  a  general  parallelism. in  the  directions  of 
distant  groups  The  Hawaiian,  Marquesan,  Paumotu,  Tahitian,  and 
Navigator  islands,  New  Hebrides,  and  New  Caledonia,  show  well 
this  parallelism  of  trend.  The  Haioaiian  Range  continues  westward 
to  175°  East  longitude,  at  an  angle  of  N,  64°  W. ;  the  Marquesas 
Islands  are  nearly  parallel,  trending  N.  60°  W.  ;  the  Paumotus  have 
the  same  course,N.  60°  W. ;  the  Tahitian  Range  trends  N.  62°  W.  ; 
the  Hervey  Group  N.  66°  W. ;  the  Navigators  N.  68°  W.  ;  New 
Hebrides  N.  40°  W. ;  New  Caledonia  N.  44°  W. ;  and  the  same  is 
the  course  of  the  northeast  coast  of  New  Holland,  and  the  coast  of 
North  America  opposite.  Thus  across  this  wide  ocean,  through  a 
breadth  of  6000  miles,  there  is  this  striking  correspondence. 

We  observe  further,  that  the  Society  and  Hervey  Islands,  together 
with  the  Navigators,  are  in  a  great  central  range  of  the  Pacific, 
which  gradually  curves  to  the  northwestward.  In  the  Fakaafo 
Group,  just  north  of  the  Navigators,  the  trend  is  N.  58°  W. ;  in 
EUice's,  N.  56°  W.  ;  in  the  Kingsmills,  N.  42°  W.  to.  N.  25°  W. ; 
in  the  Marshall  Islands,  the  termination  of  the  great  chain,  N.  37° 
"W.  to  N.  30°  W.  Thus  this  great  Pacific  chain,  as  it  stretches 
west  gradually  curves  northward  (or  is  convex  southward),  and 
makes  a  total  course  of  3800  miles. 

The  Hawaiian  chain  has  a  very  slight  curve,  which  is  convex 
northward.  Its  whole  length  is  about  2000  miles.  The  Marque- 
san chain,  if  we  include  the  Fanning  line,  is  a  straight  range  1500 
miles  long.     The  Paumotus  stretch  on  for  1500  miles. 

New  Hebrides  and  New  Caledonia  pertain  to  a  range  that  curves 
westward  to  New  Guinea  and  Java,  and  thence  northwestward  by 
Sumatra.  From  New  Hebrides,  whose  trend  is  N.  40°  W.,  we  ob- 
serve next  the  Vanikoro  or  Santa  Cruz  group,  trending  N.  44°  W. ; 
Solomon  Islands  N.  50°  W,  ;  New  Ireland  N.  65°  W.  ;  Admiralty 
Islands  N.  85°  W.,  thus  gradually  changing  to  east  and  west. 

There  are  also  transverse  courses  in  tlie  Ocean.  New  Zealand 
lies  in  a  transverse  direction,  trending  N.30°E.,  and  this  line  is  con- 
tinued in  the  Kermadec  Islands  north,  and  also  farther  north  in  the 
Tonga  group,  trending  N.  22°  E.  The  line  is  nearly  at  right  angles 
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with  the  Navigators,  across  whose  position  the  chain  points  ;  it  is 
the  great  transverse  range  of  the  Pacific. 

Tiie  idea  of  mountain  chains  in  an  ocean  is  no  hypotliesis  ;  for 
islands  are  but  the  culminant  point  of  such  chains;  and  could  we 
la}'  bare  the  Pacific  we  should  see  some  of  the  most  extensive 
ranges  in  the  world,  all  preserving  a  systematic  regularity  which 
we  distinguish  with  difficulty  in  the  mountains  of  the  continents. 

There  aie  many  other  considerations  of  deep  interest  which  must 
be  passed  by  for  the  present.  We  may  next  consider  the  axis  of 
Subsidence  of  the  Pacific  Ocean,  on  which  point  the  above  facts 
have  an  important  bearing.  Has  there  been  a  general  axis  of  subsi- 
dence for  the  ocean  ?  What  has  been  its  position  and  what  its  epoch  ? 

At  a  former  meeting  of  this  Association,  I  presented  some  re- 
marks on  the  Area  of  Pacific  Subsidence  indicated  by  Coral 
Islands.  It  was  stated  that  if  a  line  be  drawn  from  the  Admiralty 
Islands  (north  of  New  Guinea)  by  the  Navigator  group  and  the 
Society  range  to  the  Gambler  Islands,  this  line  would  be  a  boundary 
between  the  many  coral  islands  on  the  north  and  the  high  islands 
on  the  south.  The  Carolines,  north  of  this  line,  are  coral  islands 
excepting  three  ;  the  Paumotus  are  of  coral ;  and  so  also  the  many 
scattered  islands  between  these  great  Archipelagoes.  Accepting 
of  Darwin's  theory  that  coral  islands  have  been  formed  by  subsi- 
dence— that  each  originally  was  a  fringing  reef  to  a  high  island, 
and  as  the  island  subsided  the  reef  still  continuing  to  grow,  became 
finall)'^  (as  the  high  island  disappeared  in  the  waves)  a  coral  atoll, 
(and  I  have  had  abundant  opportunity  to  satisfy  myself  of  the  truth 
of  tiie  theory) — we  have  direct  proof  that  north  of  the  boundary  line 
laid  down,  a  general  subsidence  has  taken  place.  The  islands  near 
the  line  are  much  larger  and  more  numerous  than  over  the  seas  far- 
ther north  towards  the  equator  ;  and  just  north  of  the  equator  there 
is  a  region  almost  destitute  of  even  small  points  of  land.  Hence 
the  subsidence,  which  was  comparatively  small  south  of  the  bound- 
ary line,  was  greater  and  greater  northward  ;  and  so  extensive  just 
north  of  the  equator  as  to  have  caused  a  disappearance,  not  only 
of  the  high  islands,  but  also  of  the  coral  reefs  that  may  have  bor- 
dered them.  About  250  coral  islands  remain  in  the  Ocean  as  mon- 
uments over  buried  lands  ;  and  if  we  may  assume  that  some  of 
these  lands  were  as  elevated  even  as  the  mean  height  of  existing 
islands  in  the  Pacific,  6000  or  even  10,000  feet  can  hardly  be  an 
over-estimate  for  the  amount  of  subsidence  that  has  taken  place. 
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Be^-'ond  the  equator,  latitude  20°  to  25°  N.,  lies  the  Hawaiian 
group,  which,  like  the  high  islands  south  of  the  boundary  line,  show 
little  evidence  of  subsidence.  The  great  area,  then ,  which  has  under- 
gone the  supposed  change  in  the  coral  island  epoch  is  mostly  in- 
cluded between  the  Hawaiian  Islands  on  the  north,  and  the  Society 
and  Navigators  on  the  south.  A  line  drawn  from  Pitcairn's  Island, 
and  crossing  the  equator  at  162°  W.  longitude,  continued  to  Middle 
Japan,  latitude  36°  N.  passes  through  the  region  shown  by  the  facts 
stated  to  be  that  of  greatest  subsidence.  The  western  part  of  tlie 
long  Hawaiian  range,  which  part  is  nearest  this  axial  line,  consists 
mostly  of  coral  atolls,  and  therefore  a  greater  subsidence  has  there 
taken  place  than  farther  eastward  in  the  range,  a  fact  supporting  our 
genei'al  deduction.  From  the  evidence  afforded  by  reefs,  we  learn 
approximately  the  amount  of  subsidence  at  the  different  groups  bor- 
dering the  great  area.  At  the  Gambler  group  it  is  about  1150  feet ; 
at  the  Society  Islands,  250  ;  atSamoa,100  ;  at  Kauai,  of  the  Hawaiian 
group,  not  over  100,  and  probably  less.  On  the  side  of  the  area  oppo- 
site to  the  Gambler  group,  lies  the  Marquesas  range,  a  collection  of 
high  islands,  indicating  much  subsidence  b}^  their  features,  but  cer- 
tainly evincing  less  than  over  the  Paumotus  southwest.  TheFeejees 
afford  evidence  of  considerable  subsidence,  but  less  on  the  southern 
than  northeastern  side.  We  are  therefore  safe  in  laying  down  the 
line  proposed  as  the  axis  of  subsidence  for  the  coral  island  epoch. 

After  arriving  at  these  conclusions,  the  subject  of  the  trend  of  is- 
lands was  under  consideration,  and  it  confirmed  the  above  conclusion 
in  a  most  perfect  manner,  proving  not  only  that  this  axis  Avas  the  axis 
of  subsidence  for  the  coral  island  epoch,  but  for  a  period  long  previous. 
It  will  be  observed  that  the  great  Pacific  chain,  in  its  long  course 
across  the  ocean,  has  a  convexity  to  the  southward;  the  Marquesan 
range,  including  the  Fanning  group,  has  a  straight  course  ;  the  Ha- 
waiian range  has  a  slight  convexity  northward.  Here,  then,  we  have 
great  curving  lines  stretching  through  the  ocean,  and  central  ellipti- 
cal area  for  the  Pacific  indicated.  The  straight  course  of  the  Mar- 
quesan range  implies  its  nearness  to  the  axis  of  the  area,  and  the 
opposite  curvatures  of  the  Hawaiian  and  great  central  chain  of  the 
ocean,  their  positions  on  opposite  sides  of  the  area.  In  view  of 
the  facts,  we  deduce  for  the  axial  line  thus  marked  out,  a  position 
nearly  identical  with  that  derived  from  the  distribution  of  coral 
islands.  The  two  results  were  independent  deductions  in  my  own 
mind,  and  seemed  to  give  mutual  confirmation. 
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Th\s  axial  line,  it  will  be  observed,  lies  in  the  course  of  the  longest 
diameter  of  the  Pacific,  stretching  southeast,  into  the  Southern  Ocean 
beyond  Cape  Horn.  Moreover,  it  is  parallel  with  the  mean  trend  of 
the  Pacific  islands.     These  are  two  considerations  of  great  weight. 

Can  we  doubt,  then,  tiiat  the  ocean  has  been  long  in  the  process 
of  subsidence  ;  that  its  features  were  fixed  in  the  very  nature  of 
the  earth's  structure,  and  were  begun  in  the  early  history  of  our 
globe?  Can  we  hesitate  to  admit  that  the  vast  Pacific  Ocean  is 
one  in  origin  and  histor}',  and  has  had  approximately  one  and  the 
same  axis  through  its  long  course  of  progress? 

In  the  above  remarks  I  have  not  alluded  to  existing  subsidence 
or  changes  of  level.  It  is  remarkable  that  evidence  of  subsidence 
in  progress  is  apparent  in  the  Pescadores  and  some  other  northern 
Carolines  —  the  islands  nearest  the  axial  line  of  greatest  subsi- 
dence, and  where,  if  this  general  sinking  was  still  in  progress,  we 
should  expect  to  find  proofs  of  it.  These  coral  islands  are  nearl}'^ 
bare  of  vegetation,  a  condition  which  indicates  that  subsidence  is 
still  going  on  ;  for  when  subsidence  ceases,  the  coral  atoll  com- 
mences to  become  covered  with  vegetation. 

To  appreciate  the  full  bearing  of  the  factsstated,  it  should  be  kept 
in  mind  that  the  Pacific  is  no  area  of  small  limit  like  the  region  of 
the  Alps,  or  the  Urals  ;  neither  has  it  the  contracted  territory  of 
Europe  or  Asia.  It  actually'  embraces  a  larger  surface  than  all  the 
islands  and  continents  together  of  the  globe  ;  and  in  its  narrowest 
direction  it  includes  one-fourth  the  whole  circuit  of  the  earth.  A 
law  which  has  so  wide  an  application  must  be  of  fundamental  im- 
portance. 

On  the  Geology  of  Canada.     By  T.  S.  Hunt. 

Mr.  T.  S.  Hunt,  of  the  Geological  Commission  of  Canada,  made 
an  oral  communication  upon  the  results  of  the  geological  exploration 
of  that  country,  and  showed  by  the  aid  of  a  map,  the  general  dis- 
tribution of  the  formations  and  their  relation  to  the  rocks  of  New 
England.     The  following  is  a  summary  of  his  remarks : — 

In  presenting  the  report  made  to  the  Provincial  Government,  by  W. 
E.  Logan,  Esq.,  embracing  the  results  of  the  survey  of  1847-8, 1  beg 
leave  to  offer  a  brief  sketch  of  the  results  which  have  been  developed 
by  himself  and  his  assistants.  The  feature  which  first  claims  our 
attention  in  looking  at  the  geological  structure  of  thiscountr}^,  is  a 
formation  of  syenitic  gneiss,  often  passing  into  mica  schist,  and  inter- 


326  PROCEEDINGS    OF   THE    AMERICAN    ASSOCIATION 

stratified  with  crystalline  limestone  which  forms  a  ridge  of  high  land 
extending  from  the  coast  of  Labrador  along  the  north  side  of  the  St. 
Lawrence,  at  a  distance  of  from  twelve  to  twenty  miles  from  the 
shore,  until  it  crosses  the  Ottawa,  near  Bytowii,  and  thence  is  traced 
across  Lake  Siracoe  to  the  shores  of  Lake  Huron,  where  its  northern 
limit  is  observed  near  the  mouth  of  the  French  River,  while  it  again 
appears  at  the  southeastern  extremity  upon  Matchedash  Bay.  Rest- 
ing upon  this  is  a  series  of  rocks  forming  the  whole  north  coast  of  the 
lake  and  numerous  small  islands.  It  is  made  up  of  sandstones, 
often  coarse-grained,  and  sometimes  becoming  conglomerate  from 
the  presence  of  red  jasper  pebbles.  These  beds  are  associated  with 
slates,  and  one  or  more  bands  of  limestone.  The  slates  are  greenish, 
and  highl3-chloritic,  often  containing  epidote  ;  sometimes  they  assume 
the  character  of  conglomerates,  from  the  presence  of  pebbles  of 
S3'enite.  The  formation  is  much  cut  by  greenstone  dykes,  and  ex- 
hibits very  frequently  interstratified  beds  of  greenstone,  often  of 
great  thickness.  Both  these  and  the  sedimentary  beds  contain  met- 
alliferous quartz  veins,  of  which  the  copper  mines  of  this  region  are 
examples.  Resting  unconformably  upon  the  tilted  edges  of  this  for- 
mation, and  in  other  places  directly  upon  the  southern  limit  of  the 
sj^enitic  gneiss,  appear  the  silurian  rocks,  identical  with  those  which 
are  found  in  New  York,  and  cover  the  peninsula  between  Lake  Huron 
and  Lake  Ontario.  Beginning  with  the  rock  designated  in  the  New 
York  nomenclature  as  the  Potsdam  sandstone,  we  have  upon  the 
Manitoulin  Islands  and  the  coast  between  Matchedash  Bay  and 
Sarnia,  a  complete  exposure  of  those  formations  known  as  the  Tren- 
ton limestone,  Utica  slates,  Loraine  shales,  Medina  sandstones  and 
the  Niagara  limestones,  with  the  rocks  of  the  Clinton  group.  All 
of  these  are  well  characterized  by  their  respective  fossils,  and  are 
spread  out  quite  undisturbed  at  a  very  gentle  dip  of  about  tliirty- 
five  feet  in  a  mile.  The  thickness  of  these  rocks,  as  exhibited  in  a 
section  across  the  Grand  Manitoulin  and  La  Cloche  Islands,  was 
found  to  be  from  the  base  of  the  Potsdam  sandstone  to  the  top  of 
the  Niagara  limestone,  1,273  feet. 

Passing  to  the  east,  we  find  that  the  syenitic  rocks  have  divided 
near  where  they  cross  tlie  Ottawa,  and  taking  a  southward  course, 
are  spread  over  a  considerable  extent  of  country  between  the  Ot- 
tawa and  the  St.  Lawrence.  Crossing  this  river  below  Kingston, 
they  constitute  the  greater  part  of  the  Thousand  Isles,  and  are  ex- 
tensively developed  in  the  northern  counties  of  New  York. 
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The  country  thus  bounded  on  the  west  and  north,  consists  of  a 
broad  valley  of  twelve  to  twenty  miles  on  the  north,  and  thirty  to 
fort}'  miles  on  the  south  side  of  the  St.  Lawrence,  which  at  its  south- 
western extreme  includes  the  valle}' of  the  Richelieu  and  the  north- 
ern part  of  Lake  Champlain.  On  the  southeastern  side  of  this  is  a 
mountain  belt  of  from  twent^'-five  to  thirty  miles  in  width  ;  this  is  the 
prolongation  of  the  Green  Mountains  of  Vermont,  which  further 
northconstitutetheShickshockandNotre-DamemountainsofGaspe. 
This  mountain  range,  coincident  with  the  course  of  the  river, 
is  bounded  at  its  southeastern  base  b}^  a  valley  of  gently  undulat- 
ing land  from  twenty  to  thirty  miles  in  width,  which  may  be  traced 
from  the  upper  part  of  the  Connecticut  river  to  the  upper  portion 
of  St.  Francis  ;  thence  by  the  eastern  branch  of  the  Chaudiere  to  the 
Riviere  de  la  Famine,  a  tributary  of  the  Chaudiere,  the  valle}'  is 
continued  in  the  course  of  the  St.  John's,  until  further  on  it  falls 
into  the  valley  of  the  Risstigouche,  and  is  thence  traced  quite  into 
the  Bale  de  Chaleurs.  The  general  strike  of  the  rocks  is  coincident 
to  the  direction  of  the  St.  Lawrence  and  the  mountain  range,  and 
the  same  geological  formations  appear  to  be  continuous  without. 

If  a  line  be  drawn  from  St.  Scholastique,  upon  the  north  shore  of 
the  Ottawa,  passing  forty  miles  S.  E.  to  Montreal,  and  thence  to 
Canaan,  on  the  Connecticut,  river,  in  the  north  of  Vermont,  we  shall 
have  a  section  nearly  at  right  angles  to  the  general  course  of  the  for- 
mations. Commencing  at  the  northwest,  the  first  rock  which  pre- 
sents itself  r3sting  upon  and  skirting  the  bases  of  the  hills  of  syen- 
itic  gneiss  and  crystalline  limestone,  is  a  fine  sandstone  which  is 
seen  on  both  shores  of  the  Ottawa  at  its  mouth,  and  constituting 
there  a  considerable  island,  is  thence  traced  south  into  the  county 
of  Beauharnois,  where  it  spreads  out  a  considerable  width,  and 
passing  into  the  State  of  New  York,  divides  against  the  syenitic 
formation.  Sweeping  around  its  base,  one  portion  passes  up  the 
valley  of  the  St.  Lawrence,  and  the  other  is  developed  in  that  of 
Lake  Champlain,  where  it  is  recognized  as  tlie  Potsdam  sandstone. 
To  the  northeast  it  probably  skirts  the  base  of  the  syenitic  rocks, 
and  has  indeed  been  observed  at  the  falls  of  the  St.  Maurice,  but 
owing  to  the  great  depth  of  tertiary  deposit  which  fills  the  valley, 
the  opportunities  of  examining  it  are  but  few.  The  next  rock 
upon  the  line  of  section  is  a  limestone,  very  silicious  at  the  base, 
but  pure  and  thick-bedded  in  the  middle,  gradually  becoming  bi- 
tuminous and  shaly  toward  the  top.     This  formation,  exposed  at  a 
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very  moderate  clip,  constitutes  the  greater  portion  of  the  island  of 
Montreal,  and  crossing  to  the  north  side  of  the  river,  is  lost  beneath 
the  tertiary  sands  and  cla^s.  To  the  south  it  sweeps  around  the 
extremity  of  a  trough,  until  it  reaches  St.  John,  where  either  turn- 
ing over  an  anticlinal  or  affected  by  a  dislocation,  it  turns  up  the 
west  side  of  the  Richelieu  and  runs  into  New  York.  This  formation 
is  shown  b}'  its  fossils  to  be  referable  in  its  lower  part  to  the  cal- 
ciferous  sandstone,  while  the  upper  beds  are  the  Trenton  limestone. 
Itcontains  interstratified  greenstone  trap,  sometimes  amygdaloidal, 
which  constitutes  the  mountain  of  Montreal. 

Resting  upon  these  calcareous  rocks  is  a  set  of  black  shales,  which 
appear  on  both  shores  of  the  river  before  Montreal,  and  constitute 
some  islands  in  its  bed.  To  the  south  these  shales,  which  are  the 
Utica  slates,  foUowthecourseof  the  limestone,  keeping  the  east  shore 
of  the  Richelieu,  and  spreading  out  to  a  considerable  breadth,  consti- 
tute the  region  of  country  between  the  mouth  of  the  Lake  Champlain 
and  Missisquoi  Bay.  To  these  succeed  a  series  of  shales,  bluish 
and  grayish,  arenaceous,  and  more  or  less  calcareous,  which  areevi- 
dently  from  their  fossils  the  Loraine  shales.  These  are  seen  upon  the 
Richelieu  atChambly,  upon  the  Yamaska,  near  St.  Hyacinthe,  and 
in  several  other  points  along  the  line  of  strike.  They  present  a  con- 
siderable breadth,  and  are  not  improbably  kept  at  the  surface  by 
some  little  undulations.  Succeeding  these,  after  two  or  three  miles, 
covered  by  tertiary  sands,  appears  a  repetition  of  the  Trenton  lime- 
stones, which  have  been  traced  from  Phillipsburg,  upon  the  line  of 
Vermont,  through  the  seigniory  of  St.  Hyacinthe,  to  Deschaillons, 
where  they  cross  the  St.  Lawrence,  and  are  again  exposed  upon  tlie 
northern  shore.  These  are  followed  b}'^  a  repetition  of  tiie  Utica 
slates  and  Loraine  shales,  which  flank  the  limestones  upon  the  St. 
Lawrence,  and  are  exposed  at  various  points  along  the  strike.  Upon 
the  Barbue  River  in  the  seigniory  of  St.  LIvacinthe,  occurs  what  ap- 
pears to  be  a  small  trough  of  iiigher  rocks,  consisting  of  heavy  green- 
ish sandstones,  interstratified  with  red  and  chocolate  colored  slates, 
sometimes  mixed  with  green  bands.  These  red  slates  are  highly  fer- 
ruginous, and  sometimes  contain  tracesof  oxide  of  titanium.  Near 
the  line  of  Vermont,  appears,  succeeding  the  Trenton  limestone,  the 
extremity  of  a  similar  trough  of  slates  and  sandstones,  more  or  less 
calcareous,  which  is  prolonged  intoVermont.  In  Yamaska  mountain 
a  mass  of  trap  lies  in  the  line  of  the  St.  Hyacinthe  sandstones  and 
red  slates,  and  brings  up  on  its  flanks  similar  sandstones  and  bluish 
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and  greenish  slates,  with  a  crystalline  yellow-weathering  limestone 
which  afterwards  becomes  an  important  characteristic.  The  sand- 
stones near  the  trap  contain  mica  and  plumbago. 

These  rocks  however  are  not  seen  upon  the  line  of  section,  but  in 
their  strike  occur  the  bluish  and  grayish  calcareous  and  arenaceous 
shales,  which  are  followed  by  light  greenish  and  ash-gray  slates,  in- 
terstratified  with  gray  sandstones.  Following  these  appear  the  red 
slates  witli  green  bands  and  their  accompanying  sandstones,  which 
are  sometimes  finely  conglomerate  and  more  or  less  calcareous,  often 
containing  mica  and  graphite.  These  are  associated  with  bands  of  a 
greenish  chloritic  limestone,  holding  small  portions  of  oxide  of  chro- 
mium in  some  form,  and  near  the  base,  with  one  or  two  beds  of  gray- 
ish limestones.  South  of  this  section  line,  the  strata  on  each  side  of 
this  deposit  converge,  but  northwardly  the  breadth  gradually  in- 
creases, and  seems  to  show  that  these  rocks  form  a  trough  more  or 
less  disturbed  by  undulations.  Following  the  western  side  of  the 
trough,  the  slates  with  their  accompanying  sandstones,  cross  the  St. 
Francis,  are  seen  at  St.  Nicholas  on  the  St.  Lawrence,  and  in  the  rear 
of  Ft.  Levi  near  Quebec.  On  the  eastern  side,  the  slates  are  followed 
to  Eoxton,  where,  affected  by  an  undulation,  they  sweep  round 
towards  Shefford  Mountain,  and  thence  are  traced  to  Inverness  on  the 
Becancour,  accompanied  by  the  beds  of  limestone,  already  mentioned 
as  associated  with  them  at  the  base.  Beyond  these,  on  the  line  of 
section,  is  a  set  of  gray  and  black  clay  slates,  with  tliin  bedded  sand- 
stones and  limestones,  which  although  presenting  no  fossils,  appear 
in  their  general  characters  identical  with  those  on  the  other  side  of 
the  trough  and  with  the  fossiliferous  beds  of  the  Richelieu  and  Yamas- 
ka.  These  rocks  appear  to  run  upon  an  anticlinal  to  Shefford,  where 
an  undulation  has  been  described  as  carrying  the  sandstones  to  the 
east;  thence  upon  another  anticlinal  across  the  Nicolet,  where  the 
dark  slates  and  limestones  are  traced  around  into  a  narrow  anticlinal 
valley  which  runs  parallel  with  the  other  anticlinals,  and  is  continued 
to  the  province  line  in  the  township  of  Sutton. 

This  double  trough  contains  two  great  masses  of  trap,  which  con- 
stitute Browne  and  Shefford  mountains,  and  appear  to  have  dis- 
turbed and  altered  the  rocks  to  a  considerable  extent.  South  of  these 
intrusive  rocks  we  have  first  upon  the  section  greenish  and  gray 
clay  slates,  followed  by  a  belt  of  silicious  and  calcareous  rocks, 
which  vary  from  a  somewhat  arenaceous  limestone  to  a  feebly  cal- 
careous sandstone.  These  are  seen  in  some  places  divided  into  three 
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bands  b}^  the  intewention  of  cla}'  slate,  probably  by  undulations, 
which  produce  repetitions. 

The  limestone  is  dolomitic,  and  is  cut  in  all  directions  by  great 
numbers  of  quartz  veins,  and  sometimes  contains  garnets,-  and  is 
associated  with  iron  and  copper  pyrites.  At  the  distance  of  about  a 
mileis  another  band  of  limestoneprecisely  similar,  and  accompanied, 
like  it,  with  slates  and  quartzose  beds,  which  seem  to  be  altered 
sandstones,  and  make  the  first  high  lands  of  the  mountain  district. 
This  ridge,  with  its  two  bands  of  dolomite,  appears  to  be  synclinal, 
and  it  is  traced  about  ten  miles  from  the  province  line,  where  it 
dies  out.  Here  another  hill,  about  half  a  mile  to  the  S.  ¥j.,  appar- 
ently an  anticlinal,  takes  up  the  same  measures. 

To  these  succeed  a  series  of  more  or  less  quartzose  chloritic  rocks, 
with  an  imperfect  slaty  cleavage.  The^'  seem  to  be  altered  sand- 
stones, which  upon  their  western  border,  where  the  alteration  has 
been  less  profound,  still  present  their  original  structure.  Following 
these,  appears  a  band  of  limestone  resembling  the  last,  and  often 
divided  into  two  or  three  belts  by  green  chloritic  or  gray  talcose 
slates,  interstratified  w^ith  beds  of  an  impure  specular  iron  ore,  more 
or  less  mixed  with  chlorite  and  often  titaniferous.  The  limestones 
sometimes  contain  green  and  purplish  talcand  occasional  crystals  of 
chromic  iron  ;  they  are  marked  b3'^  the  same  quartzose  veins  as  before. 
About  two  miles  farther  on,  a  precisely  similar  belt  occurs,  and  the 
interval  is  filled  with  talcose,  chloritic,  and  epidotic  slates,  associated 
with  bands  of  magnetic  and  specular  iron.  The  epidote  forms  little 
nodules,  and  is  often  associated  with  quartz  ;  rutile  with  specular  iron 
is  sometimes  found  crystallized  in  quartz  veins.  From  tliis,  extenil- 
ing  to  the  Sutton  valley  which  is  the  supposed  prolongation  of  the 
anticlinal,  is  about  a  mile  of  strong  quartzose  rocks,  slightlv  chloritic. 

Another  section  presented  upon  ihe  St.  Francis,  wiiich  cuts  the 
rocks  nearly  at  right  angles,  shows  the  dark  colored  slates  and  lime- 
stones supporting  greenish  silicious  slates,  which  are  followed  by  a 
belt  of  brown  weathering  dolomite,  interstratified  and  accompanied 
with  purple  sandstones  and  red  slates,  to  which  succeeds  at  a  distance 
of  about  a  mile,  another  belt  of  limestone,  with  quartzose  bands. 
The  intermediate  rocks  are  sandstones  and  conglomerates,  often 
almost  pure  quartz  ;  southeast  of  the  limestone  are  seen  two  or  three 
miles  of  chloritic  rocks,  with  nodules  of  epidote  and  quartz,  followed 
by  a  band  of  dolomitic  limestone,  with  veins  of  magnetic  and  spec- 
ular iron  ore,  and  associated  with  talcose  slate.  To  this  succeeds  an 
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extent  of  heavy  quartz  rock,  slightly  talcose,  and  another  band  of 
dolomite  interstratified  with  talcose  slate,  which  is  followed  b}'  the 
same  fine  greenish  silicious  slates  as  were  observed  on  the  western 
side.  Beyond  these  are  found  the  dark  slates  with  their  thin 
limestone  beds,  which,  as  has  been  already  remarked,  have  been 
traced  around  to  the  opposite  anticlinal.  The  fact  that  the  dolo- 
mites and  sandstones  within  are  traced  around  in  the  same  manner, 
and  the  similarity  in  their  lithological  characters,  show  that  they 
are  on  opposite  sides  of  a  synclinal. 

On  the  line  of  section  about  a  mile  beyond  where  the  Sutton  dolo- 
mites would  cross,  occurs  another  belt  of  dolomite  associated  with 
soapstone  and  green  chromiferous  talc.  In  its  strike  we  find  in  one 
place  a  band  of  soapstone  and  filled  with  bitter  spar,  and  passing  on 
the  northwest  into  a  dolomite  of  the  usual  character,  while  on  the 
southeast  is  a  narrow  band  of  green  serpentine.  Another  dolomitic 
band  occurs  a  little  farther,  associated  with  green  talc,  serpentine, 
and  soapstone.  It  has  been  followed  for  a  considerable  distance, 
and  in  one  place  consists  of  soapstone  with  patches  of  dolomite 
which  in  a  distance  of  about  three  hundred  yards  on  the  strike, 
passes  into  a  band  of  dark  green  serpentine  with  soapstone.  At 
other  places  in  the  strike,  the  soapstone  is  associated  with  chromic 
iron,  and  in  one  place  a  bed  of  magnesite  with  chromiferous  talc. 
These  appear  to  constitute  a  trough,  and  the  interval  is  filled  with 
coarse  quartzose  chloritic  slates,  occasional!}^  epidotic,  with  imbed- 
ded cr^'stals  of  magnetic  and  specular  iron  ;  mica  and  felspar  are  not 
unfrequently  met  with. 

Following  this,  the  rocks  for  the  next  five  miles  are  coarse  chloritic 
micaceous  schists,  often  felspathic,  passing  into  gneiss,  and  in  some 
places,  very  quartzose.  About  three  miles  on  the  line  of  section, 
is  a  band  containing  talc  and  calcareous  spar,  the  latter  makino-  a 
considerable  portion  of  the  rock,  which  is  stained  green  with  oxyd 
of  chrome.  East  of  this,  the  rock  is  more  felspathic  and  contains 
small  crystals  of  tourmaline.  These  measures  as  they  go  south, 
expand  into  a  wide  mountain  tract,  the  summit  of  which,  Sutton 
mountain,  is  more  than  four  thousand  feet  above  the  St.  Lawrence. 
A  valley  in  the  line  of  the  chromiferous  calcareous  rock,  divides  the 
mass  into  two  ridges  one  of  which  dies  down  verj'  soon,  while  the 
other  crosses  the  line  of  section  and  is  lost  a  few  miles  farther 
north;  this  region  still  requires  further  examination,  to  determine 
accurately  the  relations  of  the  western  portion. 
23 
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On  the  eastern  side  of  this  range  occurs  a  belt  of  soapstone  and 
serpentine,  which  has  been  traced  at  intervals,  a  distance  of  twenty 
miles  along  the  west  borders  of  the  Missisqnoi.  On  the  west  it  is 
bounded  by  a  quartzose  chloritic  band,  associated  with  a  translucent 
silicious  rock  of  a  corneous  lustre  and  fracture.  In  the  strike  of  the 
serpentine  further  north,  dolomite  is  found.  On  the  east  side  of  the 
river,  at  the  distance  of  a  mile  and  a  half  from  the  former,  another 
serpentine  band  occurs  ;  the  interval  is  filled  with  slates  and  gray 
quartz  rock,  with  some  beds  of  cliloritic  and  epidotic  rocks  and  a 
curiousjaspery  quartz  rock  containing  epidote.  This  band  of  serpen- 
tine has  been  traced  one  hundred  and  fifty-five  miles  from  the  pro- 
vince line,  across  the  Chaudiere,  to  the  township  of  Cranbourne.  In 
some  pai'ts,  it  seems  to  pass  into,  oris  associated  with,  a  diallage 
rock,  aud  in  others  to  be  a  mixture  of  quartz  and  serpentine.  Like 
the  western  band,  it  is  accompanied  with  soapstone  and  contains 
veins  and  disseminated  grains  of  chromic  iron. 

Beyond  this  occur  clay  slates  with  beds  of  white,  compact  quartz 
of  a  scaly  fracture  and  horny  lustre,  containing  often  imbedded 
diallage,  hornblende,  pyroxene  or  felspar ;  sometimes  the  rock  is 
nearly  homogeneous,  but  at  other  times  angular  grains  of  transi^arent 
quartz  show  clearly  its  conglomerate  character.     This  rock  accom- 
panies the  serpentine  throughout,  andconstitutes  arange  of  mountain 
peaks,  one  of  which,  Orford  Mountain,  is  more  than  four  thousand 
feetabovethe  sea.    Beyond  this  still,  on  the  line  of  section  is  a  band 
of  impure  dolomite,  which  farther  north  in  the  strike  is  replaced  by 
soapstone,  raagnesite,and  serpentine  ;  a  similar  band  is  seen  again 
after  an  interval  of  a  mile  filled  with  gray  slate  and  the  corneous  rock. 
To  these  rocks  follow  gray  fossiliferous  limestones  interstratified 
with  calcareous  slates,  which  form  apparently  two  narrow  parallel 
troughs,  one  on  each  side  of  Lake  Meinphremagog.     On  the  east 
side,  at  Georgeville,  they  are  followed  by  gray  and  black  glossy 
slates,  and  then  by  talcose  and  chloritic  slates,  often  micaceous  and 
associated  with  quartzose  beds,  and  others  very  talcose  ;  in  the  strike 
of  tliese  upon  the  lake,  appears  a  band  of  serpentine,  followed  by 
fine  silicious  talcose  slates.     From  the  position  of  these  rocks,  there 
appears  evidence  of  a  great  dislocation  which  has  divided  the  fossili- 
ferous troughs  and  brought  up  the  corneous  rock  in  a  mountain 
mass  on  the  west  side  of  the  lake.     Evidence  of  an  anticlinal  in 
this  line  is  found  in  the  dip  of  the  fossiliferous  limestones  near  the 
quartzose  rocks  farther  on  in  the  strike.     Beyond  these  rocks,  east 
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of  Georgeville,  liigbly  crystalline  limestones  appear,  which  however 
still  display  fossils  that  admit  of  identification. 

The  remaining  twenty  miles  of  the  section  to  the  Connecticut 
exhibit  these  crystalline  micaceous  limestones,  interstratified  with 
soft  micaceous  slates  ;  the  calcareous  beds  predominate  for  a  few 
miles,  but  the  calcareous  matter  finally  gives  place  to  silicious,  and 
the  slates  become  stronger.  Some  of  the  more  argillaceous  beds 
contain  chiastolite,  and  others  exhibit  hornblende  and  garnets. 
The  limestones  are  all  more  or  less  micaceous,  and  often  very  crys- 
talline ;  some  are  quite  white,  while  others  are  grayish  or  blackish. 
Even  the  most  crystalline  present  on  tlieir  weathered  surfaces  the 
forms  of  encrinal  discs  and  corals  ;  and  in  several  the  characteristic 
Favosites  gothlandica,  with  various  species  of  Porites  and  Cijatho- 
phollum  are  observed.  At  Dudswell,  in  the  line  of  the  strike,  the 
fossiliferous  beds  are  fine!}'  exposed,  and  upon  the  Riviere  de  Fa- 
mine, the  rock,  which  is  here  less  crystalline,  exhibits,  besides  these 
fossils,  the  Atrypa  affinis.  The  fossiliferous  beds  appear  to  be  near 
the  base  of  the  formation.  The  rock  of  this  valley,  southeast  of 
the  corneous  range,  are  often  pierced  with  masses  of  a  fine-grained, 
beautiful  granite,  which  forms  large  dykes  and  often  considerable 
areas,  displacing  the  calcareous  formation.  A  range  of  granite- 
topped  hills  bounds  the  valley  on  the  southeast,  to  the  sources  of 
the  Chaudiere,  and  constitutes  the  height  of  land. 

The  facts  which  we  have  stated  seem  to  show  that  the  sandstones 
and  red  slates,  with  their  chromifero-chloritic  bands,  are  identical 
with  the  dolomites,  chloritic,  and  quartzose  rocks  of  Sutton  valley  ; 
and  these  with  the  serpentines  and  quartzose  rocks  of  the  vallej'  of 
the  Missisquoi ;  so  "that  the  whole  of  the  green  Mountain  rocks, 
including  those  containing  tlie  auriferous  quartz  veins,  belong  to  the 
Hudson  River  group,  with  the  possible  addition  of  apart  of  the  Shaw- 
agunk  conglomerates."  The  fossiliferous  rocks  of  the  St.  Francis 
valley  are  evidently  Upper  Silurian,  and  referable  to  the  Niagara 
limestones ;  a  similar  formation  has  been  met  with  at  Gaspe  and 
traced  one  hundred  and  fifty  miles  S.  W.,  and  from  the  similarity  of 
the  Notre  Dame  to  the  Green  Mountains  and  the  fact  that  the  Hud- 
son River  rocks  are  continuous  along  the  St.  Lawrence  to  the  Cape 
Rosier,  we  may  conclude  that  the  Upper  Silurian  rocks  will  be  found 
continuous,  or  nearly  so,  throughout.  They  constitute  the  calcareo- 
micaceous  formation  of  Prof.  Adams,  which  he  has  traced  nearly  to 
the  southern  line  of  Vermont.  Resting  upon  this  formation  in  Gaspe 
is  a  body  of  arenaceous  rocks, seven  thousand  feet  thick,  which  appa- 
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rently  coi'respoiicl  to  the  Chemung  and  Portage  group  of  New  York, 
with  the  old  red  sandstones.  As  this  formation  is  found  extending 
quite  to  the  Mississippi,  it  is  probable  that  it  will  accompany  the 
Silurian  rocks  through  New  England,  surrounding  the  coal  fields  of 
New  Brunswick  and  of  Eastern  Massachusetts  and  Rhode  Island. 
To  this  may  perhaps  be  referred  in  part,  the  rocks  of  the  White  Moun- 
tains, which  may  sweep  around  the  western  border  of  the  Massachu- 
setts anthracite  formation,  until  lost  under  the  super-carboniferous 
rocks  of  the  Connecticut  River.  The  limestones  of  western  New  Eng- 
land seem  to  be  no  other  than  the  metamorphic  Trenton  limestones 
of  Phillipsburg,  while  the  chlorito-epidotic  rocks  and  serpentines  of 
Sutton  valley  appear  again  iu  the  rocks  of  southern  Connecticut  be- 
tween these  limestones  and  the  new  red  sandstone.  With  such  a  key 
to  the  structure  of  the  metamorphic  rocks  of  New  England  and  of  the 
great  Appalachian  chain  of  which  these  form  a  part,  we  may  regard 
the  ditliculties  that  have  long  environed  the  subject  as  in  a  great 
degree  removed,  and  the  bold  conjectures  as  to  their  metamorphic 
origin  w^hich  have  been  from  time  to  time  put  forth,  fully  vindicated. 


SEDIMENT  OF  THE  MISSISSIPPI  RIVER. 
Lieut.  Maury  said  a  committee  was  appointed  at  the  last  meeting 
to  obtain  further  imformation  respecting  the  Sediment  of  the  Missis- 
sippi River.  He  had  requested  the  Secretar3''of  the  Navy  to  direct 
the  corps  at  the  Memphis  Navy  Yard,  to  make  the  observations 
necessary,  which  request  he  promptly  complied  with,  and  he  had  the 
report  of  Robert  A.  Marr,  Esq.,  of  the  U.  S.  Navy,  the  officer  under 
whose  direction  the  examination  was  made.  The  I'eport  was 
adopted  and  ordered  to  be  printed. 

Letter  of  Lieut.  Maury  to  Hon.  J.  Y.  Mason,  Secretary  of  the 
Navy  at  Washington. 

National  Observatory,     > 
Washington,  Dec.  27,  1848.      | 

Sir,  —  At  tlie  last  meeting  of  the  American  Association  for  the 
Promotion  of  Science,  a  committee  was  appointed  to  report  as  to 
the  practicability  of  reclaiming  the  drowned  lands  of  the  Mississippi 
Valley,  and  also  as  to  the  probable  effect  which  the  reclaiming  of 
those  lands  would  have  upon  the  navigation  of  that  river. 

These  are  subjects  of  vast  national  importance,  and  being  such, 
the}'^  need  no  argument  to  present  them  to  your  favorable  consider- 
ation. 
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With  the  view  of  aiding  this  committee  in  its  investigations,  I 
have  the  lionor  to  request  tliat  tlie  oflicers  of  the  Memphis  Navy 
Yard,  be  directed  to  conduct  a  series  of  observations  with  a  view 
to  obtain  answers  to  the  following  questions  : — 

1st.  What  is  the  average  quantity  of  water  taken  up  at  Mem- 
phis b}^  evaporation? 

2nd.  What  is  the  average  volume  of  river  water  that  dailj'  passes 
by  that  place  ? 

3rd.     What  is  the  quantity  of  silt  contained  in  that  water? 

4th.     What  is  the  dail}-  rise  and  fall  of  the  river? 

5th.  What,  at  the  different  stages  of  the  river,  is  the  rate  of  the 
current  at  the  surface  and  successively  at  the  depth  of  everj'^  ten  feet. 

6th.  AVhat  the  daily  temperature  of  the  water  at  the  surface — 
and  what  at  the  bottom  of  the  main  channel  way? 

7th.  And  if  not  alread}'  the  subject  of  observation,  what  is  the 
quantity  of  rain  that  falls  there? 

Satisfactory  answers  to  these  questions  would  throw  much  light 
upon  the  subject  in  hand,  and  it  is  believed  that  the  officers  of  the 
Navy  already  at  the  Yard  would  willing!}^  undertake  the  requisite 
observations. 

Therefore  in  addition  to  their  regular  duties,  should  you  find  it 
not  incompatible  with  the  public  interests  to  direct  such  a  series 
of  observations,  and  should  it  be  desired,  I  will  with  pleasure  afford 
any  explanation  that  may  be  required  as  to  the  manner  of  making 
these  observations. 

Respectfully,  etc., 

(Signed)     M.  F.  MAURY. 

Hon.  J.  Y.  Mason,  Secretary  of  the  Nav}',  AVashington. 

Report  of  Observations  made  at  the  Navy  Yard  at  Memphis, 
DURING  the  Months  of  April,  May,  June,  and  a  part  of  July, 
1849.     By  Robert  A.  Marr,  U.  S.  Navy. 

Evaporation.  For  ascertaining  the  amount  of  water  evaporated 
at  this  place,  a  box  was  made  of  thick  plank,  painted  white  inside 
and  out,  and  filled  with  water,  exposing  a  surface  of  two  square 
feet.  The  average  quantity  of  water  evaporated  from  this  box 
has  been  -^^^  of  an  inch  daily.  This  evaporation  should  be  regarded 
only  as  the  measure  of  evaporation  from  the  river  and  other  collec- 
tions of  water  of  considerable  depth. 

Rain.     A  rain  gauge  received  from  the  Observatory  at  Washing- 
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ton  has  been  used  for  ascertaining  the  quantity  of  rain.  The 
average  quantity  falling  lias  been  ^Vo"  of  ^"  i"^ti  daily.  The  weather 
has  been  thought  unusually  wet. 

Quantity  of  ivater  passing  this  place.  For  ascertaining  the  quan- 
tity of  water  which  daily  passes  this  place,  I  selected  a  point  of  the 
river  where  there  was  no  eddy  current,  or  overflow  on  either  side — 
measured  the  width  of  the  river  at  high  water — sounded — estimated 
the  area  of  a  vertical  cross  section  of  the  river — divided  this  cross 
section  into  three  parts,  as  is  shown  in  the  accompanying  plot — ascer- 
tained the  average  velocity  of  current  (per  hour)  in  each  of  these 
divisions — multiplied  the  area  of  these  divisions  of  tlie  cross  section 
(reduced  according  to  the  height  of  the  river)into  theaverage  velocity 
expressed  in  feet — added  together  these  products,  and  multiplied 
their  sum  by  twenty-four.  The  average  quantity  of  water  passing 
daily  since  these  observations  were  commenced  has been57, 165,356, 
160  cubic  feet.  The  river  for  the  last  few  months  has  been  unusually 
high,  but  considering  this  quantity  as  an  average,  the  water  passing 
by  in  one  year  would  amount  to  20,865,354,998,400  cubic  feet — a 
quantity  sufficient  to  cover  an  area  of  100,000  square  miles  to  the 
depth  of  seven  and  a  half  feet. 

Surface  Currents.  The  surface  currents  have  been  ascertained  by 
anchoring  the  boat  and  using  a  line  and  chip  after  the  usual  prmc2j)Ze 
(using  the  statute  mile). 

Currents  below  the  Surface.  For  ascertaining  the  velocity  of  the 
current  below  the  surface,  it  was  suggested  that  blocks  of  wood 
loaded  to  sinking,  attached  by  lines  of  requisite  lengths  to  floats 
of  just  sufficient  buoyancy  to  keep  themselves  on  the  surface  of  the 
water  should  be  placed  in  the  current,  and  the  motion  of  the  floats 
noticed  as  indicating  the  velocity  of  the  current  below.  This 
principle  of  operating  has  been  adopted  with  slight  variations  ;  but 
owing  to  peculiarities  of  the  current  of  the  Mississippi  river,  there 
are  practical  difficulties  attending  this  mode  which  render  the  results 
less  accurate  than  is  desirable.  Owing  to  variation  in  direction 
of  current,  it  is  necessary  to  have  a  comparatively  large  float. 

This  float  being  influenced  by  the  surface  current  and  by  the  wind 
so  materially  affects  the  motion  of  the  block  below,  that  I  have  found 
it  advisable  to  attempt  measuring  the  velocit3'of  the  current  l)eneath 
the  surface  only  when  there  was  no  wind.  Sometimes  the  block 
appears  to  take  an  undulatory  motion,  causing  the  float,  if  small,  to 
disappear  at  intervals,  so  that  when  the  block  is  intended  to  be  sus- 
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pended  at  a  particular  point,  there  is  no  certainty,  if  operating  near 
the  bottom,  that  the  block  does  not  sometimes  touch  the  ground, 
whilst  at  other  limes  it  may  be  far  above,  since  the  strain  on  the 
line  causes  the  block  to  ascend  until  certain  forces  acting  are  coun- 
terbalanced. I  have  attempted  to  obviate  some  of  these  difficulties, 
and  have  partially  succeeded.  For  the  loaded  block  I  substituted 
a  tin  vessel  (filled  with  water  to  sinking),  the  specific  gravity  of 
which  is  easily  graduated  very  nicely  ;  and  is  altogether  much  more 
easily  handled  than  the  block.  Using  a  comparatively  large  float, 
I  estimated  the  area  of  its  surface  acted  upon  by  the  current,  and 
that  of  the  submerged  tin  vessel ;  then,  knowing  the  rate  of  the 
surface  current,  and  observing  the  motion  of  the  float,  I  estimated 
the  velocity  of  the  current  below,  instead  of  taking  the  velocity  of 
the  float  as  its  index,  thus, — 

Letting  a  =  area  acted  upon  by  surface  current. 

b  =z  velocity  of  surface  current. 

c  =  area  of  tin  vessel  acted  upon  by  current. 

mm  observed  velocity  of  float  attached  to  tin. 

X  =  current  below. 

then  ab  -f-  ex  =  m  (a  -{-  c)  —  ab 

in  (a  -{-  c)  —  ab  ,    , 

X  =z  =  current  below. 

c 

There  is  so  little  difl?"erence  in  velocity  between  the  current  at  the 
surface  and  at  the  depths  of  ten,  twenty,  thirty,  and  forty  feet,  that 
in  order  to  ascertain  it,  so  great  a  distance  would  be  passed  over 
that  too  much  time  would  be  lost  in  pulling  up  against  the  current 
of  the  Mississipjn.  It  is  necessary  for  the  boat  to  keep  near  the  float, 
so  that  the  observer  may  distinguish  it.  This  renders  it  necessary 
that  the  operations  for  the  current  at  the  depths  of  every  ten  feet 
should  be  conducted  in  succession.  To  do  so  daily  would  occup}^ 
nearly  the  whole  time  of  those  thus  engaged.  Under  these  circum- 
stances, I  have  only  observed  the  rate  of  current  on  the  surface  and 
near  the  bottom,  and  find  the  velocity  of  the  current  near  the  bottom 
to  be  to  that  at  the  surface  as  268  is  to  300.  I  believe  that  very 
near  the  bottom  it  is  much  less.  It  appears  that  the  greatest  veloc- 
ity of  current  obtains  when  the  river  is  rising  most  rapidly,  and 
that  the  rapidity  of  the  current  at  high  water  is  to  that  at  its  lowest 
stage  during  the  time  of  these  observations  about  as  33  to  28. 

It  is  impossible  to  observe  the  current  of  this  river  and  notice  its 
effects  upon  the  banks,  without  being  strongly  impressed  with  the 
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vital  importance  which  the  serpentine  course  of  this  river  (at  xi-hich 
travellers  often  so  inconsiderately  complain)  is  to  its  navigability. 
The  winding  course  of  this  river,  by  diminishing  the  ratio  of  its 
fall  to  its  length,  greatly  lessens  the  velocity  of  current ;  but  the 
greatest  restraint  upon  the  fury  of  this  current  arises  from  the  ab- 
rupt turns  in  the  channel,which,  by  forcing  the  stream  from  astraight 
course,  constitute  a  series  of  checks,  without  which  this  river  would 
rush  on  with  such  impetuous  violence  as  to  render  its  navigation 
utterly  impracticable. 

Temperature  ofivater  at  the  bottom  of  the  river.   1  have  found  the 
temperature  of  the  water  at  the  bottom  of  the  river  to  be  the  same  as 
that  at  the  surface  ;  at  least,  the  difference  is  not  observable  with  the 
ordinary  thermometer.  This  result  being  unexpected,  I  have  taken 
pains  to  conduct  this  observation  with  the  greatest  care.  An  oblong 
box,  with  a  valve  at  the  top  and  bottom,  was  used  for  bringing  water 
from  the  bottom  of  the  river.  The  openings  at  the  bottom  and  top  of 
the  box  were  askrge  as  possible  (consistent  with  the  effective  opera- 
tion of  the  valves), so  as  to  permit  the  water  to  pass  freely  through  as 
the  box  descended, and  the  valves  were  loaded  with  lead, so  that  they 
would  not  be  raised  by  their  own  buo3^ancy  as  the  box  was  hauled  up, 
and  yet  would  readily  yield  to  the  resistance  of  the  water  as  it  was 
lowered.  Care  was  taken  that  the  box  retained  none  of.  the  w^armth 
of  the  atmosphere.  To  test  this  observation  more  thoroughly,  I  also 
used  an  apparatus  forbringing  up  the  bottom  water,constructed  in  the 
following  manner  : — Two  circular  boards  were  connected  together  by 
leather  (bellows  fashion),  the  upper  board  having  a  line  attached  to 
it,  and  the  lower  one  a  weight  sufficient  for  sinking  the  apparatus. 
AVhen  about  to  use  this  instrument,the  two  Ijoards  ai'e  pressed  closely 
together,  so  as  to  exclude  the  air  and  surface  water,  and  being  con- 
fined in  this  manner  by  a  thread,  the  apparatus  is  gently  lowered. 
"When  it  has  reached  the  bottom,  by  giving  the  line  a  jerk  the  thread 
is  broken, and  the  apparatus  distended  and  filled  with  water,  flowing 
through  an  orifice  in  the  upper  board.  This  arrangement  appears  to 
operate  perfectly  and  gives  the  same  result  as  the  box  with  valves. 
This  equality  of  temperature  may  be  attributed  to  two  causes.  One 
is,that  the  sun  does  not  in  a  short  time  affect  the  water  immediately 
beneath  the  surface  to  a  degree  observable  with  the  common  ther- 
mometer. This  latter  fact  is  evident,  because  whenever  1  have  tried 
the  experiment,!  have  found  the  river  water  as  warm  at  midnight  as 
at  noon.  Another  cause  may  be,  that  the  bottom  and  surface  water, 
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owing  to  the  great  agitation  of  the  current,  frequently  change  po- 
sitions. 

The  water  is  certainly  affected  by  the  temperature  of  the  air, 
but  the  effect  is  A'ery  gradual. 

The  fact  that  the  temperature  of  this  riA'er  is  so  little  affected  by 
the  casual  and  local  variations  of  the  temperature  of  the  atmos- 
phere, suggests  the  idea  that  it  may  be  regarded  as  the  mean  result 
of  innumerable  observations,  taken  in  every  portion  of  the  country 
through  which  this  river  flows  ;  and  that  if  tlie  temperature  of  all 
the  large  rivers  and  other  large  bodies  of  water  should  be  carefully 
noted  and  combined,  the  result  would  indicate  the  average  temper- 
ature of  the  whole  country.  If  such  observations  were  continued 
for  j'ears,  they  would  show  whether  the  general  temperature  of  the 
country  was  increasing  or  diminishing  ;  and  whether  the  spring  of 
any  particular  3'ear  was  backward  or  in  advance.  This  knowledge 
would  be  interesting  to  the  philosopher,  and  might  be  of  practical 
benefit  to  agriculturists. 

Should  there  be  occasion  to  make  any  further  observations  rela- 
tive to  the  temperature  of  this  river,  and  of  its  rise  and  fall,  I 
would  suggest  that  with  very  little  trouble,  arrangements  might  be 
made  for  having  them  conducted  at  several  of  the  wharf  boats  be- 
tween New  Orleans  and  Cairo.  This  would  make  the  observations 
much  more  complete. 

Overjlow.  No  attempt  has  been  made  to  ascertain  the  quantity  of 
overflow,  for  reasons  which  I  will  presently  state.  In  the  meantime 
being  aware  that  the  object  for  which  these  observations  were  ordered 
to  be  conducted,  render  a  knowledge  of  the  quantity  of  overflow, not 
only  here  but  throughout  the  entire  length  of  the  river,  extremely 
desirable,  I  will  remark  that  the  difficulty  arising  from  a  want  of 
this  information  ma}' be  at  least  partially  removed,  by  conclusions  to 
be  drawn  from  the  data  we  alread}" possess,  or  which  ma}'  hereafter 
be  readily  obtained.  The  lowest  stage  of  the  river  since  these  obser- 
vations were  commenced,  has  been  20.2  foet  above  low  water.  At 
that  point  the  average  velocity  of  the  central  surface  current  was  2^ 
miles  per  hour  ;  at  the  height  of  33.6  feet,  it  was  3|.  When  the 
river  is  at  33.6  feet  above  low  water,  there  is  about  one-half  more 
water  in  the  river  than  when  at  20.2  feet.  Now  I  think  it  may  be 
safely  assumed,  that  if  all  the  overflow  were  confined  to  the  river, 
the  height  of  the  river  would  not  be  increased  moi*e  than  fourteen 
feet,  and  this  increase  (reasoning  from  the  data  above)  would  not 
give  a  greater  velocity  of  current  than  five  miles. 
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It  is  impracticable  fov-tbe  officers  of  tliisj^ard,  in  addition  to  their 
regular  duties,  to  ascertain  the  amount  of  overflow.  A  single  glance 
at  the  preliminary  steps  which  would  be  necessary  will  render  this 
obvious.  It  would  be  necessary  to  ascertain  the  area  overflowed — 
the  average  depth  of  the  water — what  portion  of  it  has  a  progressive 
motion  with  the  course  of  the  river,  and  what  part  of  the  overflow  is 
exposed  to  the  sun.  I  will  here  remark,  that  the  quantity  of  over- 
flow taken  up  by  evaporation,  during  the^me  the  overflow  is  being 
measured,  is  an  important  item  ;  for  it  must  be  remembered,  that  if 
the  overflow  were  confined  within  the  banks  of  the  river,  there  would 
be  but  little  more  water  evaporated  from  the  river  than  before. 
Tills  remark  refers  only  to  the  amount  evaporated  and  jabsorbed  by 
the  earth  during  the  time  the  water  flows  from  the  river,  because 
it  is  only  this  quantity  which  would  not  be  embraced  in  the  meas- 
urement of  the  overflow. 

Silt.  The  quantity  of  silt  has  been  ascertained  by  daily  placing 
a  known  quantity  of  river  water  in  a  box,  drawing  off"  the  water  as 
it  becomes  clear,  and  weighing  (when  dried)  the  earth  thus  depos- 
ited. The  average  quantity  of  earth  contained  in  one  hundred 
cubic  feet  of  river  water  is  twelve  and  seven -tenths  pounds  ;  which 
gives  26,580,008,400  pounds,  or  2,137,061,974  cubic  feet  of  earth 
passing  in  one  year —  a  quantity  sufficient  to  make  a  bed  of  earth 
one  mile  square  and  seventy-six  feet  deep. 

ROBERT  A.  MARR,  Acting  blaster,  U.  S.  N. 
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Feet. 

1  33. G 

2  33.6 
333.5 
4  33.(i 
533.6 
6.33.5 
733.5 
8  33.4 
933.2 

10J33.0 
n'32.5 
12*31.6 
13130.8 
U.30.1 
1529.7 
16  29.4 
1729.3 
1829.3 
19-29.0 
2029.0 
2128.8 
22128.3 
23^27.3 

24  26.6 

25  25.6 
2(V24.3 

23.1 
28;  22.0 

29  21 

30  20.8 


A'   B 

2,0  3. 
1.6  3. 
1.6  3. 
2.0  3. 
1.6  3. 
1.6  3. 
2.0  3. 
2.0  3. 
1.6  3. 
1.63. 


2.4 

2.4 


2.0 

2.0  3 

1.6 

1.63 

1.6 

1.6 

2.0  3 

1.6 

2.0 

2.0 

1.6 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.6 

1.6|3 


:5.2 


.42. 
3.22. 


3.02.2 


1.5 

2.8 

2.8 

1.8 

2.8 

2.3 

1.8 

2.8 

2.3 

1.5 

2.8 

2.0 

1.8 

3.0 

2.3 

1.8 

3.0 

2.3 

I.S 

3.0 

2.3 

1.8 

3.2 

2.5 

1.8 

3.2 

2.5 

1.8 

3.2 

2.5 

1.8 

3.2 

2.3 

1.5 

3.0 

2.0 

1.5 

2.8 

2.3 

4<;03t 
4i;o:;i 

45'.l.V), 
46U34 
4(;034 
4.59.55 
4.V.I55 
45)S7() 
45718; 
45560, 
45(170 
44372 
43758 
43226 
42925 
42700 
42<;-J5 
42(i-.;.T 
424(1(1 
42  KM! 
i-llMi 
41,s^2 
41149 
40(;42 

;;9'.i_'i; 


l]5:",(;o':;U18  664.36077312  64' 

7(r 


;(m:i.: 


II. -).;(;( I 

ll.VJCO 
115360 

ll53i;u 

1 1.5200 

11.520(1 

11,5240 

114720 

I1440( 

11. 360(1 

1121(;0|2 

11 0880! J 

10976012 

10912(1  -J 

l(isi;i(i  ■j-:;.vj 

lli,-IMI  ■.'-JT'.i 
l(.i^lMi-2v27'.i 

1  (!>(!( Ml  '.'SdCd 
I0s(i00  2Mi(;(i 

iiiTc^d  2;;ii4 

lO'iSMi  .'T.'iti' 
10.VJ>()  Ji.-j:. 

l(i)ir,o  ■.'(;:;ii> 
i0-'5i;(i  ■!:>:>:> 

KHUXI  .'1(129 
9.-"5(;o  2:;7."):; 
96,S00  229.'ili 
95520  2 


:;i41S  (J407.^0(I492S 

:;1345  (;:;<.i75(;o.')7i;o 
3141s  (;2:11800i;7s4 
31418  (;ii5i:;.'i()ss 

31345  610.55',t7(-9(;0 

3i:;45  (;;;4i227JiHi(i 
31272  (;3:'.l2l.->(i.vjs 
31126  (;(i7(:'.i'.iM.')7i; 
oO'.isd  Cii'.KU.'.JSdll 

ill'."i-'17dd 
;  I ',)4 '.(.')'.  IS72 
-)':s7d9;;7(; 


l"  .-/(ir,!! 


Udd 


^.'1760 
51.VJ0 
74464 
.'i.".(ISdJS(;461 

.-,di(;i«;.-,;;7(;d 
.'ii;id9d."i:;7dd 

.v;si7  ;>:;d4(i 


;-(!  I 


.  .39(11(1 

.■',sl7'.i    9,-'5(;o  2:;7"):;  ('■( 
7430 
36894 
3662SI  94880I22074147524942U8U 


-7'J.-.'.dl.'i: 
7ll.'i."):;i(i; 
212JI>: 
147'.r.':;.'id; 
:id77d545; 


9-10  in. 


1  1-10  in. 


7-10  in. 


60-100  in. 

.50-100  in. 
20-100  in. 


30-100  in. 


20-100  in. 


1  -.8  0 
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Fast- 

20.4 

•20.2 

20.2 

iO.2 

20.4 

20.  ,5 

20.9 

21.0 

21.5 

21. 

22. 

32.4 

22' 

23.0 

23  5 

24.9 

26.0 

27.1 

28.0 

28.8 

29.3 

29.8 

30 

30.3 

30.3 

29.4 

29.4 

28  6 

27.4 

2G.1 

24.7 


2.2 


B'  C 

3.0|2.(i 

3  02.0 

3.0  2.4 

3.0:2.4 

3.0,2.2 

3.02.4 

3.2i2.4 

3.02.2 

5.0  2.2 

3.2  2.4 

3.22.4 

3.02.4 

3.2|2.4 

3.()!3.0 

3.(>j3.0 

3.G,3.0 

3.4I2.O 

3.22.4 


5  30364 

5136232 

3  30232 

3[  36232 

.036364 

,3  36430 

.336694 

.0|36760 

.0137095 

3  37363 

36894 

37028 

37229 

.38110 

384.55 

49360 

40210 

41003 

41(i()0 

42252 

42625 

43(105 

43378 

43378 

43378 

42700 

42700 

41961 

41222 

402S2 

39290 


94242 
93920 
93920 
9.i920 

94211) 


21782 
21636 
21636 
21636 

217S2 


94)00  2l,^.i.^ 
950l0|221t7 
9.'iO00,J222(l 
96(1(10  2J.V'-."i 
96610  22!S;7 
97120  2:',0'.m; 
97440  ■.•:;2 12 
97920, 2346 1 
9S400  236S0 
992110I24045 
101446  2:>oi;7 
]032(J0  25S76 
101960  -^6673 

KKUOO  27::.;o 
107r.,s(l  27914 
10S4,sO  28279 
]0'.I2.SO  2M;44 
llOOSO  29009 
110080  290(19 
110080  290(1'.! 
108640, 2s;;,V2 
10  640,2S:'..'.2 
10  360  277C..'< 
10  140  2(;s92 
10:!3(;0  2."i912 
10  120,24921 


50656880384 
48442977792 
47894(i35008 
47.'<94'1350flS 
472.t2772,^(;4 
472.')0(;.')(;(i4o 
477O0l;i24.^o 
l.i9314:;,'^(>S0 

47:;o7:;(;:;.sio 
M::2s(;;,2i(;(ij72' 

.')20ii,9.^()>()(l  S(i'- 
497'.l(»."il(i^(ii^O' 
.")2.Vjl90240oi8U 
i;0l.'i(;osl480  8(i° 
(;l0l7707.")20|8(i° 
6271(0792192  80° 
702:;44."il200  76° 
57161).',s(;ol6,78° 
580.')'.i'.i974 40  78° 

47M2:;n;o7.:  -i' 
57i;i4.ss7(;>(i  -- 
6247121  Ijr.i  ,vi 
(■>29,'<7(i7."j712  .^.^' 

(;i,sss7(i:;(;k)  7(;' 
(;29-^:;o7.")712  70° 
62().")7(iU272  7.■^• 
(.5.'i2,'<9;9.")20  S-J- 

(i.")(;.s^i."i9,^io  78° 
(i4:;9."i:;(i24()0  .^4' 
(;29(;o.'i;i7(;((  f^8° 

,01419980160,86° 


62°  Ty2° 
02    62 
63  163 
<i3i  <;3i 
64"  64" 

65  65 
(X   ,(;6 

66  '(>6 
66   IliO 


66.'.  6('>l 


67    67 

67   1 07 


Inch. 
12-10 


9-10 


Inch. 
33-100 


10-100 
80-100 


1  4-10 


40-100 
30-100 


80-100 
40-100 


3'VIOO 

3    46 
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e 

Velocitiea  of  sur- 
face   currents  in 
miles  and  eighths 
per  hour. 

BI    n    between 
the    average  sur- 
face and  bottom 
currents. 

> 

> 

Quantity         of 
water         passing 
daily      measured 
by  cubic  feet. 

0 :? 

if 

3,9 

fl 

5 

1  1 

g 

Feet. 

A' 

B' 

c 

A" 

B" 

C" 

Inch. 

Inch. 

1 

23.5 

2.0 

3.4 

2.4 

1.8 

3.2 

2.3 

38455 

99200  24045 

.56005488000 

84° 

71° 

71° 

2 

22.8 

1.6 

3.0 

2.2 

1.5 

2.8 

2.0 

37974 

98080!  23.i34 

4S4041lli;ss 

02° 

in 

m 

3 

22.4 

1.4 

3.0 

2.2 

1.4 

2.8 

2.0 

37695 

97440  23242 

47 151 720:101 

so° 

71i 

Hi 

4 

21.9 

1.4 

3.0 

2.2 

1.4 

2.8 

2.0 

373(i3 

9(i640:22.S77 

4i;7l:")900221 

84° 

72 

72 

5 

21.4 

1.4 

2.6 

2.0 

1.4 

2.5 

1.8 

37028 

9.iS10  ■-'■.•.")12 

44:;(i(;2:;257o 

88° 

72 

72 

1 

20-100 

(i 

21.0 

1.2 

2.6 

2.0 

1.2 

2.5 

1.8 

36760 

95200  22220 

12<;:',0."j0:',O40 

84° 

72 

72 

7 

21.0 

1.2 

2.6 

2.0 

1.1 

2.5 

1.8 

36760 

95200  22220 

42i;:;o.'io:;oio 

00" 

72i 

721 

90-100 

8 

21.0 

1.2 

2.6 

2.0 

1.1 

2.5 

2.0 

36760 

O.'.-JOO  22j20 

426:ii;."io:;o40 

88° 

73 

73 

:30-100 

9 

21.0 

1.2 

2.4 

2.2 

1.1 

2.3 

2.0 

3(i760 

O.'rJOO  22224 

:>79:;!SO.",42  4o 

84° 

731 

731 

40-100 

10 

20.8 

1.4 

2.4 

2.2 

1.4 

2.3 

2.0 

36628 

94iS80  22074 

;;97457sooi;4 

■S.")° 

731 

731 

130-100 

11 

20.9 

1.4 

2.6 

2.2 

1.4 

2.5 

2.3 

36694 

95040  2214" 

44512:i7ois:;-j 

88° 

74 

74 

1-2 

21.1 

1.4 

3.0 

2.2 

1.4 

2.8 

2.5 

36827 

9.5360  2220:; 

lools.-ioooor, 

90° 

74 

74 

13 

21.7 

1.0 

3.0 

2.4 

1.5 

2.8 

2.3 

37229 

96320:22781 

is:ii'.i2170(;i 

88° 

74^ 

741 

11-10 

14 

23.0 

2.0 

3.2 

2.6 

1.8 

3.0 

2.0 

,■58110 

V840O'2;ii.Sll 

."):;i:o2:;o(;."iCiO 

92° 

75 

75 

15 

24.5 

2.0 

3.4 

2.4 

1.8 

3.2 

2.0 

:;'.ii5i) 

lOOSOO  25775 

5702."i.">s  4000 

S0° 

75 

75 

16 

25.4 

2.0 

3.2 

J. 2 

1.8 

3.0 

2.0 

397SJ 

10-'24O  2.'>i:;2 

,-il70.'>(iO2:',o.| 

92° 

75^ 

75i 

17 

25.4 

2.0 

3.0 

2.2 

l.S 

2.8 

2.0 

.;'.i7M 

102-J40  25432 

52o:!0-l-ill81 

96° 

76 

76' 

18 

25.8 

1.4 

3.0 

-' .  2 

1.4 

2.8 

2.0 

HW.s 

10-JSSO  .:,"i72t 

(0j."i4S(i4:isi 

lKi° 

76 

76 

19 

25.8 

1.4 

3.0 

■  >_•) 

1.4 

2.8 

2.0 

lOOIi.s 

102>S0  ■J.'i72l 

I02."j|s(;4:;s4 

02° 

76 

76 

20 

25.8 

1.4 

3.0 

i'.'i 

1.4 

2.8 

2.0 

-1001  :s 

lojsso  ■J.-)721 

Kvi.'iisoci.s.; 

98° 

76 

76 

9-10 

•M 

26.0 

1.4 

2.6 

2.2 

1.4 

2.5 

2.0 

40-Jlo 

10:;200  ■J."i>72 

"iii;;o7(is7(;so 

84° 

76,\ 

76^ 

30-100 

2i 

26.4 

1.4 

2.6 

2^4 

1.4 

2.5 

2.3 

4049s 

lo:;.sio  2010:; 

."i()liiMi:;o:>r. 

84° 

76J 

76i 

30-100 

2.i 

26.5 

1.6 

2.6 

2.2 

1.5 

2.5 

2.0 

4057(1 

101000  2r,-.>:;,"> 

,">o:;i7s  17040 

89° 

76^ 

76^ 

i;^-ioo 

•24 

26.5 

1.6 

3.0 

2!'' 

1.5 

2.8 

2.0 

40.i7O 

lOlooo  202  ;5 

.".1775.'.110I0 

92° 

764 

764 

2-100 

25 

26.3 

1.6 

3.0 

212 

1.5 

2.8 

2.0 

40420 

lO.lKSO  -2^,72'. 

51.-.0.-,77i:;'.i2 

94° 

76i 

76i 

2-100 

in 

2.T.8 

1.6 

2.6 

2.2 

1.5 

2.5 

2.0 

lOOCS 

I02SSO  2."j72'. 

4'.i70isi;ii;'.)o 

06' 

7<i4 

761 

27 

25.3 

1.6 

3.0 

2.4 

15 

2.8 

2.3 

3071:1 

10200  2."':i.">'. 

57r,(;j54oioo 

04° 

76.i 

761 

44-100 

28 

24.5 

2.0 

2.4 

2.6 

1.8 

2.3 

2.5 

3915fi 

lOOSOO  24775 

5165;j481(i00 

88° 

77 

77 

29 

23.7 

1.6 

3.2 

2.4 

1.5 

3.0 

2.3 

38593 

99,520!  24 191 

52708043232 

94° 

77 

77 

30 

21.3 

2.0 

3.0 

2.6 

1.8 

2.8 

2.5 

36961 

95680122439 

50088126331 

90° 

771 

774 

2-100 

3    ?  2 

1  i  - 1 

4t§^ 

I'll 

»  i  ^ 

1      ^      o      g 

3       §  i 
■    ■?  1  1 
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Poet. 

21.9: 

21.3: 
20.3  : 
21.3; 
20.  (i 

20.7  : 

20.8  1 
21.0; 
21.5 


6! 

7; 
8; 
9: 
10; 

ii: 

12  22.() 

13  22.5) ; 
U23.0 
15  23.1 


A' 

B'    C 

2.2 

3.2  2. G 

•)  o 

3.02.4 

2.2 

3.2  2.4- 

2.0 

3.0  2.2 

l.fi 

2.6  2.2 

2.0 

3.0  2.4 

3.0 

2.0  2.6 

2.0 

3.0  2.4, 

1.0 

3.2  2.4; 

2.0 

3.0  2.C.1 

2.2 

3.02.4 

0    .) 

3.0,2.4 

2.0 

3.212.4 

1.0 

3.0  2.2 

1.4 

3.0i2.2 

373r,0' 

3( ;;)(;! 

3r,7(;o  ! 
3i;i'.«; ' 

3li")ii2 
3tiC.2S 
36760 
37095 
3t.S9l 
3(is;i4 
37'^3^ 
38042 
381111 
381711 


06640 
'.»."ir,,so 
oinso 
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Sixth  Day,  August  20,  1849. 
SECTION  OF  NATURAL  HISTORY,  ZOOLOGY,  etc. 
Prof.  S.  S.  Haldeman  was  called  to  the  cbair. 


History  of  Phalangopsis,  a  genus  of  orthoptera,  with  three 

NEW    SPECIES,    two    OF    WHICH    FORM    A    NEW    SUB-GENUS.         By 

S.  S.  PIaldeman. 

The  sub-genns  proposed  is  named  DaiJiinia,  and  differs  fvomPha- 
langojysis  in-oper,  by  having  shorter  an tennse,  shorter  and  more  robust 
limbs,  and  the  second  and  third  joints  of  the  tarsi  equal,  characters 
which  approximate  it  to  Stenopelmatus.  The  males  of  all  tlie  Amer- 
ican species  of  both  forms  differ  from  the  females,  in  having  longer 
limbs,  and  a  row  of  strong  spines  upon  the  under  surface  of  the 
femora.     The  following  North  American  species  are  indicated  : — 

Ph.  (D.)  brevipes,  Hald.  Dark  brown,  mottled  with  lighter 
shades,  all  the  tihke  shorter  than  the  femora^  strongly  spinous,  an- 
terior ones  semi-fossorial,  tarsi  trimerous,  medial  ones  letramerous, 
femora  of  the  male  dilated  with  long  spines  upon  the  oif^side  of  the 
inferior  margin.  Long.  22  millims. :  posteriar  femora  of  the  male 
14  ;  female,  12  ;  posterior  tibi^  of  the  male,  13  ;  of  the  female,  9  ; 
tarsi  of  the  male,  4  ;  of  the  female,  3^^. 

From  the  vicinity  of  the  river  Platte.  In  the  collection  of  Prof. 
Agassiz. 

Ph.  (D.)  robustus,  Hald.  Uniform  dark  fuscous  dorsum  and 
upper  surface  of  the  femora  sparselj^  scabrous  ;  feet  rather  short ; 
posterior  femora  of  female  veiy  robust,  rather  suddenly  contracted 
inferiorly  at  the  extremity;  inferior  margin  with  a  row  of  robust 
spines  upon  the  inside  ;  tarsi  tetramerous.     Lengtli  thirteen  lines. 

Pii.  gracilipes,  Hald.  Shining  yellowish  brow^n,  mottled ; 
colors  arranged  transversely  ;  limbs  larger  than  in  any  other  Amer- 
ican species,  the  posterior  femora  of  the  male  being  twelve,  and  the 
tibi£E  thirteen  lines,  in  a  specimen  ten  lines  long.  This  species  is 
from  central  Pennsylvania,  and  is  nearest  allied  to  Ph.  i.apidicola, 
Buj'm.,  which  extends  from  Eastern  Pennsylvania  to  Georgia.  Ph. 
MACULATA,  Harris  is  allied  to  the  latter,  but  it  has  the  posterior 
tibia;  in  the  male  waved  at  the  base. 
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On  the  Larva  of  Physoccelus  inflatus.    Br  S.  S.  Haldeman. 

This  larva  resembles  that  of  Tenebrlo,  except  that  the  mandibles 
have  four  terminal  teeth  and  a  basal  molar ;  the  termination  of  the 
abdomen  is  sloped  off  above  at  an  angle  of  about  fort3'-five  degrees, 
the  surface  depressed  into  a  spoon-shaped  cavit}'.  It  inhabits  woods 
under  stones  and  rubbish. 


On  the  Brachiopoda  of  the  Silurian  Period  ;  particularly  the 
Lept^nid^.     Br  James  Hall. 

(This  paper  was  introduced  as  a  portion  of  a  Report  on  the  class- 
ification of  the  Brachiopoda  of  the  Paleozoic  period.) 

This  natural  group  of  the  Brachiopoda,  the  Leptceniclea,  first  in- 
cluded among  the  Ajiomke  as  Anomites,  and  subsequent!}'  under  the 
genus  Productus  by  Mr.  Sowerb^',  has  become  so  numerous,  and,  in 
geological  investigations,  so  important,  that  an  enumeration  of  its 
distinctive  features  is  necessar3\  For  a  long  time,  all  the  fossil 
shells  with  a  straight  hinge  line,  having  one  valve  convex  and  the 
other  concave,  and  more  or  less  abruptly  curved  towards  the  margin, 
were  called  Productus.  Dalman  proposed  the  name  Leptcena  to 
include  certain  of  these,  but  either  from  not  understanding  his  char- 
acters or  from  other  causes,  the  difference  between  Leptaena  and 
Productus  was  not  recognized.  So  late  as  1839,  Mr.  J.  de  C. 
Sowerby,  in  the  Siluriayi  System,  introduces  the  genus  Lej)tcena,  but 
without  noticing  an}'  distinction  between  it  and  Productus.  Prof, 
Phillips  in  1841  (Paleozoic  Fossils,  etc.)  regards  it  as  decided  that 
Leptmna  will  become  the  favorite  term  in  place  of  Productus, 

Von  Buch,  in  1842,  in  his  work  Uher  Productus  oder  Lept^na, 
has  failed  to  draw  any  distinction  between  these  genera. 

In  the  United  States  we  have  been  inclined  to  use  the  name  Stro- 
pliomena  for  all  the  species  of  this  group  not  possessing  the  decided 
characters  of  Productus. 

On  reviewing  the  subject  more  carefulh'  and  attending  to  other 
parts  besides  external  form,  there  appears  good  reason  to  recognize 
several  distinct  genera,  each  alike  worth}'  of  attention.  In  the  mean 
time  several  names  have  been  proposed  to  include  certain  portions 
of  the  group,  and  attempts  have  been  made  to  determine  the  limits  of 
the  genus  Leptcjcna,  Stro2)homena,  etc.  The  name  of  Chonetes,  pro- 
posed by  Pander,  has  been  generally  adopted  for  certain  forms  of  Ibis 
24 
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group  of  fossils,  while  Strox)Ttomena  has  been  either  abandoned,  or  so 
variously  applied,  ormistipplied,  that  it  has  nearly  lost  all  significa- 
tion. 

In  1846,  Mr.  King,  in  the  annals  of  Natural  History,  proposed  to 
limit  the  genus  Leptoiyia  to  those  forms  which  are  transverse!}^  wrin- 
kled, as  L.  rugosa,  etc.,  including  under  the  genus  StrojiJiomena  all 
theothers.  Mr.  Sharpe(Quar.  Jour.  Geol.  Soc,  London,  Aug.  1848) 
proposes  to  restrict  the  genus  Leptaena  to  such  forms  as  are  exter- 
nally irregularly  curved,  and  internally  have  the  mu.scular  impres- 
sion limited  and  defined  by  the  extension  and  curving  of  the  dental 
lamellse. 

The  genus  Strophomena  would  include  those  more  regularl}-  arched 
or  nearly  flat,  and  evenly  striated,  having  the  muscular  impression 
limited  only  on  the  sides,  by  the  extension  of  the  flat  plates  of  the 
dental  lamellae.  Although  not  satisfied  that  the  character  of  the 
exterior,  as  described  by  Mr.  Sharpe,  always  corresponds  to  such 
internal  characters  as  he  notices  for  the  restriction  of  the  genera,  I 
am  nevertheless  satisfied  that  such  internal  characters  are  of  the  first 
importance.  Adopting  this  proposed  restriction  of  the  two  genera, 
we  have  Leptcena  and  Strophomena  very  natural!}'  distinguished. 

Both  these  genera  have  the  hinge  line  smooth  and  straight,  in- 
dented on  the  dorsal  valve  by  the  foramen,  which  is  partially  closed, 
and  the  line  of  the  ventral  valve  having  a  callosity  partial!}^  filling 
the  foramen  in  the  dorsal  valve.  The  area  is  mainly  on  the  dorsal 
valve,  and  is  striated  longitudinally.  The  exterior  surface  is  usually 
striated  more  or  less  equally  with  rounded  strije,  which  are  crossed  by 
fine  concentric  striae.  We  find,  however,  other  forms  which  do  not 
meet  tlie  requirements  of  these  generic  descriptions.  Their  general 
external  form  is  similar,  but  the  stride  are  usually  more  sharp,  and  rise 
at  irregular  intervals  on  the  surface  ;  the  concentric  strire  are  less  con- 
spicuous or  abrupt  ;  the  hinge  lineiscrenulated  and  continuous,  show- 
ing no  foramen  or  interruption,  subsequently  closed  on  the  dorsal 
valve,  nor  any  callosity  on  the  hinge  line  of  the  ventral  valve,  as  in 
Leptcena  and  Strox)liomena.  The  dorsal  area,  moreover,  is  striated 
transversely  as  well  as  longitudinally.  In  the  interior  there  are  no 
dental  lamellae  margining  or  surrounding  the  muscular  impressions, 
which  are  spread  out  over  considerable  surface  in  the  dorsal  valve, 
showing  partially  a  double  or  bilateral  arrangement.  In  the  ventral 
valve  there  is  some  indication  of  a  limitation,  or  marginal  elevation, 
to  the  muscular  impression,  but  the  character  is  quite  distinct  from 
he  same  in  Leptoina.  For  this  genus  I  propose  the  name  Stro]}ko- 
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donta,  from  the  crenulated  Iiinge  line,  which  is  recognizable  even  in 
casts  and  impressions  of  the  shell.* 

Tlie  genns  Chonetes  is  recognized  simply  by  the  character  of  hav- 
ing a  row  of  small  curved  spines  ornamenting  the  cardinal  line. 
The  striae  are  also  peculiar  and  characteristic.  The  form  of  the 
muscular  impression  in  this  genus  is  not  well  known  to  me,  though 
a  large  part  of  the  inner  surface  of  the  valve  is  marked  by  promi- 
nent papilke  in  regular  rows  or  lines.  The  form  and  character  of 
the  muscular  impressions  are  probably  as  distinctly  characteristic 
as  in  the  other  genera. 

In  the  genus  Productus  the  general  external  form  is  more  arched, 
and  the  shell  more  ventricose  ;  the  surface  is  for  the  most  part 
marked  by  strong  radiating  lines  and  concentric  striae,  and  very 
frequently  armed  with  spires  of  greater  or  less  length. ^  The  inte- 
rior of  the  shell  shows  the  muscular  impressions,  not  limited  by 
any  dental  lamellae,  and  distinctly  arranged  on  each  side  of  a  cen- 
tre, forming  a  double  muscular  impression,  and  possessing  in  a 
higher  degree  the  characters  first  shown  in  Strophodonta. 

These  are  in  brief  some  of  the  prominent  zoological  characters, 
on  which  I  would  propose  subdivisions  in  this  group  ;  and  it  is  not 
improbable  that  other  subdivisions  may  yet  be  required. 

After  having  determined  the  value  of  these  zoological  characters, 
we  will  inquire  whether  the  genera  thus  distributed  have  an^'' 
geological  value,  or  value  in  reference  to  time.  The  importance  of 
vital  zoological  characters  among  the  older  fossils,  in  regard  to  their 
geological  position,  appears  not  to  have  attracted  due  atteniion. 
We  have  used  the  terras  Leptcena,  Strophomena,  and  Productus, 
without  considering  the  geological  position  of  the  fossil.  M.  Von 
Buch,  in  his  work  before  cited,  has  not  onl}'  failed  to  dravrany  dis- 
tinction of  zoological  characters  between  Productus  and  Leptcena, 
but  has  equally  failed  to  notice  that  the3^'have  any  importance  as 
indicating  priorit}'^  of  time. 

The  genera  Leptcena  and  Strophomena,  as  here  restricted,  are 
found  in  the  lower  Silurian  rocks  in  great  numbers  ;  while  Stropho- 
donta and  Chonetes  are  unknown  in  the  same  position.     These  two 

1  Mr.  Sharpe  has  recognized  some  of  the  peculiarities  of  this  gcuus  in  L.  demissa  of 
Conrad,  which  is  a  good  tj'pe  of  the  genus.  I  liave,  however,  Ijefore  this  separated  the 
genus  from  Leptoemi  and  Strophomena,  giving  the  name  to  M.  de  Verneuil  in  1846,  as 
Cardiodonta. 

-I  believe  that  the  species  included  in  ProducUis,  even  as  now  restricted,  maybe 
separated  into  two  distmct  genera. 
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latter  genera,  appear  for  the  first  time,  each  in  a  single  species,  at 
the  period  of  the  Clinton  group  of  New  York.  They  however  be- 
come more  abundant  in  the  Hamilton,  where  Leptcena  and  Stroplio- 
mena  are  scarcely'  known  at  all.  The  genus  Productus  makes  its 
first  appearance  in  the  corniferous  limestone,  becoming  of  more 
frequent  occurrence  in  the  Chemung  group  and  only  reaching  its 
maximum  development  in  the  Carboniferous  period. 

We  see  in  the  zoological  characters  a  beautiful  progressive  de- 
velopment, commencing  horn  Leptcena  as  the  lowest  type.  There 
is  a  constant  increasing  number  of  characteristic  features,  a  constant 
succession  of  ornament  and  appendage,  in  each  successive  generic 
type  as  it  marks  the  successive  periods  of  time.  In  Leptcuna,  the 
earliest  form,  we  see  the  muscular  impression  in  the  centre  near 
the  hinge  line,  and  almost  surrounded  by  the  dental  lamellse.  In 
Strophomenathis  muscular  impression  is  less  restricted  ;  in  Stro2^ho- 
donta  it  has  become  almost  double,  being  distinctl3'  impressed  on 
each  side  of  the  centre  ;  while  in  Productus  the  separation  is  com- 
plete. This  progressive  change  is  too  significant  to  be  misunder- 
stood or  disregarded.  We  see  the  gradual  progress  from  a  lower 
to  the  expression  of  a  higher  type  in  this  single  feature,  the  gradual 
unfolding  of  an  embryonic  type  in  its  successive  changes. 

Prof.  Agassiz  remarked  upon  tlie  new  genera  introduced  b\' 
Prof.  Hall,  that  these  researches  would  show  how  much  remained 
to  be  done  in  the  zoological  investigations  of  the  fossil  remains. 
There  was  no  reason  for  neglecting  this  work  because  it  was  diffi- 
cult. Thegradual  progressive  developmentof  the  t^'pes  had  already 
been  noticed  by  him  in  the  classes  of  fishes,  crustaceans  and  echino- 
derms,  and  had  been  found  to  agree  with  the  embryonic  growth  of 
these  animals.  The  distinctions  pointed  out  by  Prof.  Hall  were 
true,  scientific  distinctions,  and  he  who  would  not  accept  them,  be- 
cause so  critical,  should  not  pretend  to  scientific  eminence.  Prof. 
A.  alluded  to  a  paleontologist  of  high  rank  who  had  declared  these 
nice  ditlerences  to  be  of  no  value,  certainh'  not  because  thej'  were 
not  real,  but  because  they  clashed  with  his  opinions,  and  expressed 
his  indignation  at  the  attempt  of  some  scientific  men  to  suppress 
careful  research  by  the  authority  of  great  names. 

Prof.  Hall  remarked  upon  the  differences  of  structure  of  animals 
of  dilfcrent  periods,  and  inquired  whether  the  vcr^' existence  of  two 
apparently  similar  types  in  ditforent  geological  periods  was  not  in 
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itself  sufficient  to  lead  to  the  pi-esiunption  that  they  were  really 
different  species. 


On  Graptolites,  their  Duration  in  Geological  Periods,  and 
THEIR  Value  in  the  Identification  of  Strata.  By  Prof. 
J.  Hall. 

The  species  of  this  genns  alread}'  known  are,  with  one  exception, 
confined  to  the  older  Palaeozoic,  or  lower  Silurian  strata.  This 
exception  is  the  G.  ludencis  of  Mnrchison,  which  occurs  in  the 
Ludlow  rocks  of  England.  I  have  already  described  fifteen  species 
from  the  older  strata  of  New  York,  of  which  ten  are  new  ;  five 
having  been  identified  with  forms  previoush'  described.  Since  the 
publication  of  these  new  species,  several  of  them  have  been  found 
in  England  in  the  older  Silurian  slates. 

This  genus  has  been  considered  us  peculiarly  Silurian  in  its  char- 
acter, since  no  species  has  yet  been  recognized  in  strata  of  the 
Carboniferous  period,  I  am  inclined  to  regard  it  as  much  more 
restricted  in  its  geological  range,  than  usually  admitted,  being  tj'p- 
ical  not  only  of  the  Silurian  period,  butof  the  lower  or  older  deposits 
of  that  period.  More  than  twenty  species  are  known  in  acknowl- 
edged lower  Silurian  strata  ;  and  the  genus  therefore  must  be  re- 
garded as  eminently  characteristic  of  those  rocks  ; — the  few  known 
in  a  higher  position  being  less  widel}'  distributed,  and  ver^^  limited 
in  geological  range. 

In  addition  to  the  fifteen  species  described  from  the  older  strata  of 
New  York,  I  have  two  other  species  from  the  rocks  succeeding,  but 
still  very  low  in  the  second  period.  One  of  these, the  G.  Clintonensis, 
Idescribed  in  m3M-eport  on  the  third  geological  district  of  NewYork, 
in  1843.  Subsequent  researches  have  been  rewarded  by  a  single 
additional  species  only  ;  and  in  all  the  collections  made  in  NewYork, 
or  elsewhere  in  the  United  States,  I  have  not  been  able  to  find  a 
Graptolite  in  any  position  higher  than  the  Clinton  group.  Therefore, 
for  the  rocks  of  the  United  States, we  maj*  regard  the  species  of  this 
genus  as  eminently  valuable  in  distinguishing  the  older  strata.  The 
two  species  of  the  Clinton  group  are  in  shale,  immediately  above  the 
Pentamerus  oblo'ngus,whi(ih  is  regarded  as  a  Lower  Silurian  fossil  in 
Europe  ;  so  that  we  see  how  closely' connected  even  these  species  are 
with  Lower  Silurian  types.  The  two  species  of  the  Clinton  group 
are  clearly  distinguishable  from  those  of  the  lower  strata,  first  in  G. 
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Clintonensis  b}^  the  serratuves  (which  are  one  side  onl^'  of  the  stipe), 
being  strongly  and  abru[)tl3'  recurved  at  the  point,  which  is  not  ex- 
tended into  a  minute  filament  like  some  of  the  lower  species,  but 
terminates  abruptl3\  The  other  species,  G.  venosiis  is  broad  with  a 
central  capillary  axis  and  serratures  on  both  sides.  The  whole  sub- 
stance is  finely  veined  or  reticulated  like  the  skeleton  of  a  leaf.  This 
species  maj'  very  well  form  the  type  of  a  new  genus,  since  we  shall, 
perhaps,  find  it  necessary  to  subdivide  the  species  of  the  present 
genus.  But  at  this  time  we  have  comparativelj^  so  little  knowledge 
of  the  true  nature  of  these  fossils,  that  I  liave  not  thought  proper 
to  separate  this  from  the  others.  Tn  the  recurved  serratures  G.  Clin- 
tonensis closely  resembles  G.  Indensis,  of  Murchison  ;  and  this  char- 
acter, with  the  deeper  serratures,  already  distinguishes  both  these 
species  from  G.  Sagittarius  of  Hisinger. 

So  long  as  the  geological  position  of  G.  ludensis  remains  undispu- 
ted,we  must  admit  thatsingie  species  as  occurring  in  Upper  Silurian 
in  England,  though  the  fact,  that  the  genus  in  the  United  States  is 
confined  to  the  strata  of  the  earliest  period,  and  the  lower  portion 
of  the  second  period  only,  seems  to  be  well  established.  The  oc- 
currence of  a  species  in  a  higher  position  in  England  cannot  affect 
the  value  of  our  species  for  the  identification  of  the  Utica  slate,  the 
Hudson  River  group,  and  the  shales  of  the  Clinton  gioiip. 

The  facts  in  regard  to  their  geological  distribution  afl^brd  some 
ground  for  speculation,  if  not  for  presumptive  evidence  as  to  their 
zoological  relations.  In  a  large  number  of  instances  we  are  able  to 
trace  the  connection  of  a  fossil  genus  or  family  with  an  existing  one 
through  successive  periods  ;  showing  in  more  modern  periods  a 
nearer  approach  to  existing  forms.  This  we  are  not  able  to  do  in 
relation  to  Graptolitos  ;  and  I  am  therefore  disposed  to  question 
their  analogy  with  the  Sertttlariche  or  the  Pennatididoi^  since  we 
liave  nothing  throughout  the  higher  Silurian,  Devonian,  or  Carbo- 
niferous periods,  by  which  their  connection  can  be  shown. 


On  the  Bone  Caves  of  Pennsylvania.     By  Prof.  Baiud. 

It  may  not  be  known  to  all  present  that  the  discovery  of  bone 
caves  in  this  country  is  of  very  recent  date.  They  have  been  found 
for  many  years  in  Europe;  and  in  France,  in  great  numbers.  In 
this  continent  there  arc  on  record  but  two  cases  of  this  kind  ;  one 
of  thera  in  Canada,  and  the  other  in  Virginia. 
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Having  been  induced,  from  the  resemblance  of  the  cave  near 
Carlisle  to  the  celebrated  Ivirkdale  cave,  to  suspect  the  existence 
of  bones  in  it,  I  commenced  an  exploration  of  it  some  two  years 
ago,  and  was  abundantly  rewarded  by  finding  a  large  number  of 
animal  remains.  I  subsequently  examined  two  other  caves  in 
Pennsylvania.  The  first  of  these  exhibited  an  entrance  on  tlie  top 
of  a  hill.  There  was  a  vertical  shaft  about  thirty  feet  in  depth, 
which  opened  into  a  large  gallery.  My  first  visit  furnished  me  a 
skeleton  of  a  bear  nearly  perfect.  It  lay  upon  the  surface,  and 
was  probably  the  relic  of  a  bear  that  had  fallen  into  the  cavity 
within  quite  a  recent  period,  and  had  been  unable  to  escape.  I 
visited  the  same  cave  again  during  the  last  winter,  but  I  found 
that  the  main  entrance  had  been  entirely  filled  up  with  stones, 
thrown  in  by  the  proprietor  of  the  cave,  in  order  to  prevent  the 
danger  to  his  cattle  of  falling  in  and  being  killed.  I  could  only  get 
into  a  narrow  cavity,  where  I  obtained  nothing  of  any  importance. 

The  second  is  on  the  bank  of  the  Susquehanna  about  half  a 
mile  below  the  railroad  bridge.     Here  the  entrance  is  in  limestone 

rock,  and feet  above  the  river  at  low  water.     The  opening  is 

a  nearly  vertical  slope,  which  passes  down  twenty  feet,  where  it 
widens.  At  the  bottom  is  a  deposit  of  mud,  in  which  numerous 
bones  are  imbedded.  The  other  end  communicates  with  a  bed  of 
water.     Here  I  obtained  a  few  bones,  but  none  of  any  importance. 

The  main  cave  is  on  the  bank  of  a  creek,  nearly  on  a  level  with 
the  water,  the  entrance  being  ten  feet  high.  The  floor  of  the  cave 
is  nearly  on  a  level  with  the  extremity,  and  ihe  cave  is  nearly  three 
hundred  feet  in  length.  Here  I  obtained  most  of  my  specimens, 
which  were  generally  imbedded  in  the  floor  of  the  cave.  It  is  in 
the  stratum  of  black  mud,  about  ten  inches  in  depth,  that  most  of 
the  bones  are  found.  This  lies  above  several  other  strata  of  de- 
posits, of  stalagmite,  etc.  The  bones  occur  in  every  imaginable 
condition  of  preservation,  and  confusion.  A  great  majority,  how- 
ever, are  very  much  broken  and  gnawed  by  small  Rodentia  that 
have  inhabited  the  cave  at  a  certain  period.  No  bones  were  lound 
below  the  Stalagmite. 

In  addition  to  this  locality,  there  is  anothei-  where  the  most  perfect 
specimens  are  obtained.  There  is  a  series  of  galleries  near  the  roof 
of  this  cave,  which  can  only  be  reached  by  ladders,  being  sometimes 
eight  or  ten  feet  above  the  floor  of  the  cave.  These  are  filled  with 
mud,  and  in  this  mud  the  bones  are  distributed.     The  remains  have 
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evidently' come  in  from  above,  as  there  is  no  other  possible  means  b}' 
which  they  could  be  filled  to  this  height.  The  character  of  these 
remains  is  quite  interesting  in  some  respects.  The  number  of  spe- 
cies of  mammalia  found  there  is  nearly  twice  that  of  present  exist- 
ing species  in  Pennsylvania.  Nearl3'  five  per  cent  consist  of 
extinct  species  ;  the  remaining  ninetj^-five  per  cent  are  recent.  The 
recent  bones  are  of  various  species  of  wolves,  foxes,  rabbits,  bears, 
muskrats,  otters,  Ijaixes,  panthers,  beavers,  etc. 

The  question  ma}'  perhaps  arise  here,  as  it  frequently'  has  before, 
how  these  bones  got  into  the  cave  ?  Whence  this  vast  accumulation 
of  remains?  I  say  "vast,"  because  I  possess  of  single  species  of 
deer,  remains  tliat  must  have  belonged  to  more  than  one  hundred 
individuals,  and  I  am  very  far  from  having  cleared  out  the  cave. 
Various  theories  are  proposed  for  the  production  of  the  bones.  Some 
geologists  have  supposed  that  the}'  have  washed  in  from  without ; 
others  that  they  have  been  dragged  in  b}^  wild  beasts  ;  and  this 
latter  theor}'  is  strengthened  by  the  fact  that  a  great  majorit}'  of 
the  bones  are  of  the  weaker  animals,  such  as  would  naturally  fall 
the  prey  of  an}'  carnivorous  auimal. 

It  has  appeared  to  me  from  the  examination  of  the  peculiar  cir- 
cumstances of  the  cave,  that  several  causes  have  combined  to  fur- 
nish this  accumulation.  I  can  hardly  assent  to  the  theory  that 
water  has  been  the  means  of  introducing  these  bones,  for  there  is 
no  reason  why  there  should  be  such  an  accumulation  of  the  bones 
outside  of  the  cave  under  any  circumstances  which  would  admit  of 
their  being  washed  in.  It  is  quite  possible  that  many  of  them  have 
been  introduced  by  wild  beasts  ;  and  some  of  them  bear  tootlimarks, 
which  were  probably  from  the  teeth  of  the  animals  which  dragged 
them  within  the  cave  and  devoured  them  there.  But  I  am  inclined 
to  think  that  the  principal  source  of  this  accumulation  is  from  the 
sink-holes  above,  with  which  these  caves  connect. 

These  sink-holes  are  curionsdepressionsof  the  soil,  found  in  lime- 
stone regions, varying  in  diameter  from  ten  feet  and  upwards,  with 
an  aperture  at  the  bottom  through  which  the  water  escapes.  They  are 
generally  overgrown  by  small  bushes,  and  are  just  the  places  to  wjiich 
such  animals  as  the  fox  and  wolf  would  resort  to  feed  upon  an  animal 
just  captured.  Its  bones  wonld  be  left  after  the  repast,  either  in  the 
hole  or  upon  the  side,  until  some  heavy  rain  should  occur,  when  the 
water  of  the  surrounding  country,  of  which  these  sink-holes  arc  gen- 
erally the  outlet,  would  carry  them  down  into  the  cavity.     These 
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sink-holes,  in  almost  all  cases,  communicate  with  excavations  in  the 
rock  or  soil  beneath  ;  and  most  of  our  Pennsylvania  caves  I  believe 
to  have  been  formed  by  their  action.  A  rain  of  unusual  violence 
ma\^  close  up  the  inlet  into  one  of  these  caves  and  then  a  new  cave 
will  be  formed.  I  have  not  been  able  to  trace  in  this  cave  an}^  com- 
munication with  the  external  sink-holes  ;  but  I  have  in  other  cases, 
and  I  have  found  a  little  mass  of  earth  at  the  bottom,  and,  in  many 
cases,  bones  introduced  there  within  a  few  weeks  or  months,  and  some- 
times even  with  the  cartilage  still  upon  them.  There  is  nothing  of 
that  kind  in  this  cave,  which  is  finished.  Besides  the  remains  of 
mammalia,  there  are  numerous  remains  of  other  vertebrata  —  birds 
in  great  quantities,  particularly  wild  turkeys,  and  some  of  these  of 
an  enormous  size,  probably  weighing  thirty  or  fort}^  pounds.  There 
are  numerous  bones  of  the  swan,  several  ducks  and  some  large 
water  birds,  whose  position  I  have  not  had  time  to  ascertain.  I 
have  found  there  the  humeri  of  birds  quite  as  large  as  the  pelican, 
and  probably  the}'  are  of  the  pelican  itself.  Of  tortoises,  eight 
or  ten  different  species  are  found  there  in  great  quantities. 

The  bones  of  serpents  are  quite  common.  I  found  the  lower  jaw 
of  a  salamander,  quite  different  from  anything  we  have  there  now. 
Also,  some  remains  of  fishes,  vertebrae  and  scales  mixed  up  in  the 
mud.  But  I  have  not  had  time  to  determine  many  of  them.  In 
this  mud  I  found  also  some  very  perfectly  preserved  Indian  remains, 
arrowheads  of  great  beauty  and  fragments  of  pottery.  They  occur 
only  in  the  upper  two  or  three  inches  of  this  floor. 

Prof.  B.  illustrated  the  above  with  sections  of  the  cave  upon  the 
blackboard. 

The  following  extract  from  a  letter  was  read  b}'  Prof.  Horsforu  : 
The  Discovery  of  a  new  Cave  in  Kentucky.  By  Dr.  Lewis 
Feuchtwanger,  of  New  York. 

This  cave  was  discovered,  a  few  weeks  ago  in  Kentuck}'',  about 
twelve  miles  distant  from  the  celebrated  Mammoth  Cave,  and  a  few 
miles  from  Bowling  Green,  at  the  mouth  of  Green  River.  The  dis- 
coverer, Mr.  S.  G.  Stevenson, of  the  latter  place,  informed  me  that  he 
had  penetrated  five  miles,  where  the  cave  was  still  extending  ;  and  it 
is  more  than  probable  that  it  will  prove  the  largest  cave  known.  It 
abounds  in  avarietj'  of  beautiful  avenues,  and  the  stalactites,  stalag- 
mites and  other  incrustations,  are  there  found  in  every  form.  A  few 
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small  samples  were  inclosed  in  a  letter  to  me  ;  the  one  proves,  by 
analj'sis,  to  be  a  sulphate  of  alumina,  and  the  other  aeoicothar.  The 
alum  does  not  contain  either  potassa  or  ammonia,  but  forms  a 
double  salt  with  soda  ;  although  I  haA'e  not  definitely  ascertained 
the  existence  of  the  base  (soda),  I  have  satisfied  myself  that  it  does 
not  contain  either  of  the  other  bases,  and  from  its  permanent  crys- 
talline condition,  it  cannot  be  a  pure  sulphate  of  alumina,  without 
a  double  base — this  forming  a  deliquescent  salt.  The  fact,  that  the 
whole  country  abounds  in  saline  springs,  supports  the  conclusion  that 
it  is  a  soda-alum.  Within  two  miles  from  the  new  cave  a  regular 
stratum  of  this  soda-alum  has  likewise  been  discovered.  I  am  in 
daily  expectation  of  a  collection  of  specimens,  which  I  requested  to 
be  forwarded  by  express,  not  alone  of  all  the  minerals,  fossils  and 
incrustations,  but  also  of  any  reptiles  or  fishes  that  might  be  dis- 
covered in  the  cave  ;  and  regret  much  that  the}'  have  not  yet  come, 
in  season  to  be  exhibited  at  the  present  meeting. 
Adjourned. 

W.  J.  BURNETT,  Secretary. 


Seventh  Day^  Aug.  21,  1849. 

GENERAL  MEETING. 

Prof.  Henry  in  the  chair.  The  Secretary  read  the  proceedings  of 
the  last  meeting. 

The  resolutions  offered  yesterday,  recommending  the  preparation 
of  manuals  of  scientific  research,  referred  to  the  standing  committee, 
were  reported,  with  the  recommendation  that  they  be  adopted. 

Dr.  Gray  thought  that  the  idea  of  manuals,  or  aseries  of  volumes, 
did  not  meet  the  object  in  view.  It  was  not  an  extended  discussion  of 
particular  branches  of  science,  but  general  principles,  as  a  guide  for 
research  in  all  sciences,  in  one  compact  volume. 

Pres.  Everett  said  he  did  not  suppose  it  was  intended  to  require 
that  more  than  one  volume  should  be  prepared,  but  to  leave  it  for 
those  having  the  works  in  charge  to  determine,  that  their  hands 
might  not  be  tied. 

Prof.  Hall  said  that  in  the  committee  it  was  thought  that  one  volume 
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might  be  prepared  on  physical  science  and  another  on  natural  history. 
It  was  not  intended  to  make  more  than  two  volumes. 

The  resolutions  were  adopted. 

Mr.  William  C.  Redfield,  on  behalf  of  the  standing  committee, 
offered  the  following  resolution  : 

Resolved,  That  a  committee  be  appointed  to  memorialize  the 
Legislature  of  Pennsylvania,  in  reference  to  the  publication  of  the 
final  Geological  Report  of  that  State.     Adopted. 

The  Chairman  appointed  the  following  persons  as  members  of 
the  committee  : — President  Hitchcock,  of  Amherst ;  W.  C.  Red- 
field,  Esq.,  of  New  York  ;  Solomon  W.  Roberts,  Esq.,  of  Phila- 
delphia ;  Prof.  A.  D.  Bache,  of  Washington,  D.  C. ;  Prof.  James 
Hall,  of  Albany  ;  Prof.  H.  D.  Rogers,  of  Boston. 

The  following  resolution,  submitted  by  Dr.  Breed,  of  New  York, 
was  reported  by  the  standing  committee  : 

iJesoZvecZ,  That  the  Association  authorize  the  standing  committee 
to  prepare  and  submit  to  the  public,  at  the  meeting  in  March  next, 
a  circular  letter  setting  forth  the  great  importance  to  the  interests 
of  American  education,  and  of  true  civilization,  of  a  more  general 
admission  of  the  Physical  and  Natural  Sciences  into  the  systems 
of  school  and  collegiate  instruction  throughout  our  country. 

After  considerable  discussion,  in  which  Dr.  Hare,  Profs.  Henry, 
Hall,  Rogers,  Pres.  Everett,  and  others  took  part,  the  resolution 
was  laid  on  the  table,  to  be  taken  up  at  the  next  annual  meeting. 

Pres.  Everett  read  the  report  of  the  committee  on  the  subject 
of  the  coast  survey,  as  follows  : 
Report    of    the    Select    Committee    on   the   Coast    Survey. 

The  Select  Committee  of  the  American  Association  for  the  Ad- 
vancement of  Science,  to  whom  was  referred  the  communication  of 
Prof.  A.  D.  Bache,  Superintendent  of  the  United  States  Coast  Sur- 
A'^ey,  relative  to  the  history,  progress,  and  present  condition  of  the 
same,  have  had  that  subject  under  consideration  and  submit  the 
following  report,  in  part : 

The  committee  regard  the  survey  of  the  coast  of  the  United 
States — an  undertaking  originally  recommended  to  Congress  by 
President  Jefferson — as  a  work  of  the  highest  national  importance 
and  utility.  It  is  intimately  connected  with  the  advancement  of  sev- 
eral branches  of  science  ;  but  in  a  national  point  of  view  it  is  prin- 
cipall}'  important  in  reference  to  the  commerce  and  navigation  of  the 
country. 
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The  superiority  of  the  modern  over  the  ancient  civilization  is  in 
nothing  more  apparent  than  in  the  maritime  commerce  and  naviga- 
tion of  modern  times  as  compared  with  the  ancient.  Tlie  mariner's 
compass,  the  quadrant,  and  the  chronometer,  on  the  one  hand,  and 
the  astronomical  tables  which  science  has  furnished  to  the  practical 
navigator,  on  the  other,  are  the  direct  agents  by  which  his  superior- 
ity has  been  brought  about.  But  it  is  quite  evident,  that,  unless 
the  position  of  the  chief  points  along  the  coast  of  commercial  coun- 
tries isaccurately  laid  down,itis  of  comparatively  little  consequence, 
that  the  navigator  is  able  to  lay  his  course  with  boldness  and  pre- 
cision across  the  intervening  seas.  The  most  serious  risks  to  life 
and  property  attending  navigation  are  those  which  present  them- 
selves in  making  the  land  ;  and  one  of  the  first  objects  which  have 
engaged  the  attention  of  powerful  maritime  states,  in  modern  times, 
has  been  tlie  survey  of  their  line  of  coast,  and  the  minute  delinea- 
tion of  its  headlands,  channels,  roadsteads,  harbors,  shoals,  reefs, 
soundings,  and  currents.  A  want  of  accurate  information  on  anj'' 
of  these  points  may  occasion  the  most  deplorable  sacrifices  of  life, 
and  a  destruction  of  property  far  beyond  the  cost  of  a  thorough 
scientific  surve3\ 

There  is  probably  no  one  country  in  the  world  which  presents  a 
line  of  coast  accessible  to  commerce  so  extensive  and  various  as  the 
United  States  ;  certainl}^  not  if  we  take  into  consideration  our  recent 
acquisitions  on  the  Pacific.  Our  commerce  and  navigation  are  al- 
ready second  to  those  of  Great  Britain  alone  ;  and  in  consequence 
of  the  peculiar  distribution  of  the  great  centres  of  trade  along  an 
immense  line  of  geographical  extent,  our  coasting  trade  bears  a 
higher  ratio  to  the  aggregate  of  our  navigation,  than  in  any  other 
countrj'.  It  is  of  so  much  greater  importance  to  us  that  our  coast 
should  be  well  survej'ed  and  laid  down  ;  and  if  it  Avere  proper  in  a 
case  of  this  kind  to  leave  questions  of  interest  out  of  view,  every 
one  feels  that  it  concerns  the  honor  of  the  country,  that  we  sliould 
not  continue  to  depend  upon  the  hydrography  of  foreign  govern- 
ments for  those  charts  which  will  enable  an  Auierican  vessel  to 
pass  in  safet}'-  through  such  a  common  thoroughfare  of  our  naviga- 
tion as  the  Gulf  of  Florida. 

The  very  interesting  and  instructive  exposition  made  by  Prof. 
Bache,  on  the  evening  of  the  16th,  of  the  progress  and  extent  of 
the  work,  renders  it  unnecessary  for  the  committee  to  enlarge 
upon  those  points.     They  are  convinced  that  all  who  listened  to 
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that  exposition  will  agree  with  the  committee,  that  the  under- 
taking is  in  all  respects  of  truly  national  magnitude  and  character. 
The  great  length  of  coast  to  be  surveyed  in  reference  to  so  many 
commercial  and  territorial  centres,  and  the  necessity  of  the  utmost 
accuracy  which  can  be  attained  in  the  present  state  of  science, 
make  the  survey  unavoidably  a  work  of  much  time ;  and  the 
large  body  of  cooperators  by  land  and  water,  in  the  field  and 
in  the  bureau,  possessed  of  talent,  both  scientific  and  practical, 
of  the  highest  order,  implies  a  heavy  expenditure.  While  it  follows 
as  a  necessary  consequence,  that  a  watchful  economy  should  pre- 
side over  the  administration  of  the  work,  it  is  not  less  obvious  that 
it  cannot  be  safely  hurried  in  point  of  time,  and  that  it  ought  not  to  be 
stinted  in  reference  to  the  number  and  qualifications  of  the  persons 
employed.  No  scientificperformance  in  this  country  will  be  brought 
into  comparison  so  directly  with  similar  undertakings  abroad.  None 
stands  in  more  immediate  connection  with  great  national  interests  ; 
none  covers  so  extensive  a  field,  or  comprises  operations  so  complica- 
ted and  multifarious.  Under  these  circumstances,  it  will  not  excite 
the  surprise  of  any  considerate  person,  if  a  series  of  years  and  a 
large  expenditure  are  absolutel}'  necessary  for  its  accomplishment. 

The  committee  feel  it  their  duty  to  express  to  the  Association 
the  strong  conviction  that  the  manner  in  which  the  survey  has  been 
conducted  by  the  present  superintendent  and  his  associates,  is  in  a 
very  high  degree  creditable  to  those  gentlemen  and  to  American 
science.  This  opinion  is  formed  not  only  on  the  highly  satisfactory 
exposition  of  Dr.  Bache  referred  to  the  committee,  liut  upon  the 
official  reports  of  the  survey  published  b}^  order  of  Congress,  on  the 
surve^-s  and  charts  which  have  been  already  engraved,  containing 
a  portion  of  the  results  hitherto  attained,  and  on  other  documents, 
well  known  to  the  members  of  the  Association,  relative  to  the  oper- 
ations of  the  survey  in  various  departments  of  science. 

The  committee  earnestl}'  hope  that  Congress  will  not  be  discour- 
aged from  the  further  prosecution  of  the  survey,  by  the  necessaril}^ 
heavy  expenditure  required  to  carry  it  on  ;  which,  however,  is  be- 
lieved to  be  materially  less  than  the  expenditure  for  similar  purposes 
by  several  governments  in  Europe.  The  enterprise  is  now  in  the 
best  hands,  and  in  the  most  favorable  train  for  successful  prose- 
cution. It  has  been  the  good  fortune  of  the  government  to  secure 
for  the  direction  of  this  great  work  the  services  of  a  gentleman, 
whose  eminent  talent  —  whose  earl}'  training  in  the  National  Mil- 
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itary  Academy  —  and  whose  acknowledged  position  among  the 
men  of  science  of  the  country  signally  point  him  out  for  the  trust. 
A  corps  of  assistants  has  been  gradually  formed  in  the  various 
branches  of  the  survey,  whose  skilled  experience,  if  withdrawn  by 
any  suspension  of  the  work,  could  not  be  replaced  for  years,  nor 
wholl}'  lost  without  great  detriment  to  the  public  service.  The 
committee  are  decidedh*  of  opinion  that  an  enlightened  public 
sentiment  will  require  the  completion  of  the  survey  as  projected 
and  thus  far  successfully  prosecuted  by  Prof.  Baclie,  and  the}'  are 
consequenth'  persuaded  that  a  wise  calculation  of  economy  would 
dictate  the  continuance  of  those  appropriations,  which  are  needed 
for  the  prosecution  of  the  work  on  the  present  scale  of  operations. 

The  Committee  accordingly  recommend  the  adoption  of  the  sub- 
joined resolution. 

All  of  which  is  respectfullj^  submitted  by 

Edward  Everett,  , 
Benjamin  Peirce,   \  Committee. 
A.  Caswell,  ) 

Cambridge,  August  21,  1849. 

Resolved,  As  the  sense  of  the  American  Association  for  the  Ad- 
vancement of  Science,  that  the  manner  in  which  the  Coast  Survey 
of  the  United  States  has  been  conducted  by  Professor  A.  D.  Bache, 
and  those  associated  with  him,  is  highly  creditable  to  American 
Science  ;  that  it  promises  great  benefit  to  the  Commerce  and  Navi- 
gation of  the  countr}' ;  and  it  is  eminently  entitled  to  the  continued 
favor  of  Congress. 

Lieut.  Maury  said  he  concurred  ver}'  cordially'  in  that  report,  so 
far  as  it  goes  ;  but  he  thought  it  did  not  go  quite  far  enough.  He 
thought  the  coast  surve}'  was  too  limited,  and  that  it  ought  to  em- 
brace the  currents,  as  well  as  the  rocks  and  shoals.  He  believed 
there  was  a  westwardly  current,  which,  if  ascertained,  would  shorten 
the  passage  from  Havana  to  our  Gulf  ports  probably'  one-third. 

Pres.  Everett  said  that,  in  the  enumeration  of  the  objects  of  a 
survey,  in  the  early  part  of  the  report,  the  currents  were  mentioned 
as  one  of  those  objects.  And  as  the  subject  of  currents  was  in  the 
hands  of  another  committee,  he  thought  it  might  be  left  to  them. 

Lieut.  Maury  was  under  the  impression — and  the  superintendent 
of  the  coast  survey  would  correct  him  if  he  was  wrong — that  the  law 
confined  the  survey  within  a  certain  distance  from  the  coast,  or  within 
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a  certain  depth  of  water.  He  thought  the  proper  snrve}^  could  not 
be  made  without  an  alteration  of  the  law. 

Prof.  A.  D.  Bache  said  there  was  no  limitation  of  the  law  that 
applied  to  this  case. 

The  report  and  resolutions  were  adopted. 

The  following  resolutions  were  then  offered,  and  severally  agreed 
to. 

The  following  was  offered  by  Pres.  Everett  : 

Resolved  unanimously,  That  the  thanks  of  the  American  Associa- 
tion for  the  Advancement  of  Science  be  presented  to  Professor  Jo- 
seph Henry,  their  President,  for  the  courteous,  dignified,  and  highly 
acceptable  manner  in  which,  during  the  present  meeting  of  the 
Association,  he  has  performed  the  duties  of  the  Chair. 

Prof.  Henry  responded,  and  thanked  the  members  of  the  Associa- 
tion for  their  support,  without  which  he  should  not  have  been  able 
to  discharge  the  arduous  duties  devolved  upon  him. 

The  following  was  offered  by  Prof.  Bache  : 

Resolved,  That  the  thanks  of  this  Association  be  returned  to  the 
Corporation  of  Harvard  University,  for  the  very  liberal  provision 
made  by  them  for  the  accommodation  of  the  members  and  meet- 
ings of  the  Association. 

The  following  was  offered  by  Prof.  Hall  : 

Resolved,  That  the  thanks  of  the  American  Association  be  present- 
ed to  the  Ladies  and  Gentlemen  of  Cambridge,  for  contributing  in 
so  many  ways  to  our  individual  and  social  comfort  and  pleasure. 

The  following  was  offered  by  Prof.  Agassiz  : 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  J.  I. 
Bowditch,  Esq.,  of  Boston,  for  his  invitation  to  a  dredging  excur- 
sion in  Boston  harbor,  in  the  steamer  R.  B.  Forbes,  on  the  22d  inst. 

The  following  was  offered  by  Prof.  Peirce  : 

Resolved,  That  the  thanks  of  the  Association  be  given  to  Mr.  U. 
A.  Boyden,  for  his  invitation  to  visit  Lowell  and  Lawrence  on 
Thursday,  the  23d  inst. 

The  following  was  offered  by  Prof.  Lovering  : 

Resolved,  That  the  thanks  of  the  American  Scientific  Association 
be  presented  to  Prof.  Horsford,  for  his  able  and  courteous  dis- 
charge of  the  duties  of  the  Secretarj^  of  the  Association. 
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The  papers  for  the  several  Sections  were  then  annonnced,  and  the 
Association  adjourned  to  4.30  p.  m. 

E.  N.  IIORSFORD,  Secretary. 


Seventh  Day,  August  21,  1849. 
SECTION  OF  MATHEMATICS  AND  ASTRONOMY. 
Lieut.  Chari.es  H.  Davis  was  called  to  the  chair. 
The  first  paper  was  an  oral  communication. 

On  the  Gaussian  Tables.     Bv  Dr.  B.  A.  Gould,  Jr. 

The  name  of  this  paper  was  entered  upon  tlie  list  because,  having 
devoted  some  time  to  the  study  of  tliese  tables,  and  having  computed 
tliem  to  ten  decimal  places  with  a  view  to  tlieir  publicatiou  in  a 
form  more  convenient  than  that  of  Mattliiessen,  I  was  desirous  of 
mentioning"  some  of  ni}'  own  labors  respecting  them,  and  of  calling 
attention  to  some  of  their  beautiful  properties  not  generally'  known. 
There  are  two  tables  which,  as  their  illustrious  autlior  has 
said,  are  complementarj-  to  one  another.  The  one  is  the  table  called 
Logarithms  for  Addition  and  Subtraction,  and  the  second  gives,  for 

the  aroument  log.  a',  the  logarithm  of  '    '^ 

B3'  tlie  former,  the  Gaussian  Tables  commonly  so  called,  the  argu- 
ment or  column  A  being  log.  x,  we  have  in  the  two   columns  B  and 

C  the  logarithms  of  l-\-  -  and  l-\-x.     Two  numbers  being  given  by 

X 

means  of  their  logarithms,  we  can  by  these  tables  at  once  obtain  the 
logarithm  of  tlieir  sum  or  difference  without  taking  out  the  numbers 
themselves.  But  quite  as  elegant  properties  of  these  tables  are  to  be 
found  in  their  adaptation  to  the  solution  of  nuinsrical  equations  by 
approximation.  Prof.  Gauss  pointed  out  some  of  these,  for  the  first 
time,  in  the  second  edition  of  his  Tables  in  Vega's  Handbncli.  There 
arc  many  others  which  he  did  not  then  mention.  To  some  of  these 
it  was  m}^  privilege  to  have  my  attention  called  by  Mr.  Gauss,  others 
I  have  myself  developed.  The  second  table  was  computed  to  five 
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decimal  places  by  Weidenbach,  and  printed  as  a  supplement  to  Schu- 
macher's Journal  in  1829.  This  I  have  also  calculated  to  ten  deci- 
mals. But  it  is  the  last  day  of  our  session,  and  I  pass  over  the  tables 
with  this  allusion,  in  order  to  be  able  to  say  something  upon  a  sub- 
ject wliich  has,  at  least  to-day,  a  stronger  claim  to  our  attention. 

Prof.  Peirce  remarked  tliat  tliere  is  a  method  of  using  the  com- 
mon tables  for  the  purpose  of  adding  and  subtracting,  in  wliich  it 
is  necessary  to  open  the  tables  but  once  for  the  sum,  and  once  for 
the  difference. 

[Prof.  P.  then  explained  this  mode  of  using  the  tables.] 

He  then  remarked  upon  the  necessity  of  recomputation  of  the 
Gaussian  Tables,  as  of  any  mathematical  tables,  in  order  to  render 
them  reliable.  It  would  be  long  before  the  mistakes  could  be  dis- 
covered in  any  other  way. 

Dr.  B.  A.  Gould  said  that  the  method  used  by  Prof.  Peirce  vras 
analogous  to  a  computation  of  the  numbers  which  would  have  been 
given  by  the  Gaussian  Tables,  the  principle  used  being  an  elegant 
modification  of  that  upon  which  they  were  founded.  He  also  stated 
that  he  had  just  learned  from  Schumacher's  Journal  that  an  edition  of 
these  tables  had  just  been  published  by  Dr.  Zech.  Tlie  latter  has 
arranged  his  tables  in  three  columns,  the  first  containing  the  argu- 
ment, tlie  second  the  numbers  to  be  used  in  addition,  and  the  tliird  the 
numbers  to  be  used  in  subtraction  ;  this  deprives  the  table  of  its  ele- 
gant properties  for  the  solution  of  numerical  equations  by  approxi- 
mation. 


On  Kirkwood's  Analogy.     By  Dr.  B.  A.  Gould,  Jr. 

The  subject  which  Mr.  "Walker  brought  to  the  notice  of  this  Sec- 
tion on  Saturday  is  one  of  far  more  than  ordinarj^  interest.  Besides 
the  elegant  simplicity  of  Mr.  Kirkwood's  formula,  his  theory  must, 
if  it  be  confirmed,  materially  influence  our  views  of  cosmogony  and 
of  the  theory  of  the  Universe.  I  have  devoted  all  of  the  time  which 
my  duties  have  allowed  since  Mr.  Walker  made  his  communication, 
to  the  numerical  examination  of  the  Analogy  to  which  he  referred 
and  which  prompted  his  beautiful  investigations.  I  will  state  the 
results,  though  not  in  the  fulness  which  they  deserve,  and  with  which 
I  at  first  hoped  to  be  able  to  give  them  ;  for  although  the  subject  is 
large,  and  one  which  we  cannot  expect  to  exhaust  for  many  years, 
25 
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)'et  the  time  of  the  Section  is  so  precious  at  this  late  hour,  that  I 
shall  limit  in3'self  to  as  brief  a  statement  as  possible. 

Mr.  Kirkwood's  theory,  as  regards  the  rotation  of  the  planets  will 
if  found  to  be  true,  —  and  the  presumption  seems  to-day  strongly  in 
favor  of  its  truth — furnish  a  remarkable  and  unexpected  argument 
in  support  of  the  Nebular  Hypothesis.  The  minds  of  many  have 
been  wavering  of  late  with  regard  to  this  h3-pothesis  ;  their  doubts 
have  been  strengthened  by  the  unqualified  assertions  that  all  nebulas 
are  resolvable  :  but  this  analogy  of  Kirkwood  tends  most  strikingly 
to  confirm  it — so  much,  indeed,  that  if  this  latter  be  true,  I  do  not 
know  how  any  one  can  resist  the  argument  which  it  furnishes  in 
favor  of  the  former,  in  so  far  as  it  applies  to  our  solar  system.  It 
is  then  no  longer  an  hypothesis,  but  becomes  a  probable  theoiy. 

I  will  give  a  very  short  sketch  of  the  quantities  I  have  used  in 
repeating  Mr.  Walker's  computation. 

[Dr.  Gould  then  gave  upon  the  blackboard  the  masses  of  the 
planets,  and  the  periods  of  rotation  which  he  had  used,  differing 
from  those  used  byMr.  Walker.] 

These  are  the  masses  which  I  have  used  ;  and  these  are  the  times 
of  rotation  as  given  in  the  books.  I  do  not  know  how  accurate  the 
latter  may  be  considered  ;  perliaps  to  minutes,  perhaps  even  less  so. 
I  believe  they  have  all  been  determined  by  the  observation  of  spots. 
If  so,  what  proof  have  we  that  the  spots  do  not  move,  no  matter 
what  the  number  of  rotations  used  in  determining  the  period?  I 
have  marked  the  period  of  Uranus  as  doubtful,  because  I  do  not 
know  upon  what  authority  it  rests,  having  only  found  it  in  a  table 
of  a  popular  work  by  Sir  J.  Herschel,  with  a  mark  of  doubt  prefixed. 
It  does  not  agree  at  all  with  this  theoiy. 

In  considering  a  question  of  this  kind,  we  must  remember  the  na- 
ture of  our  investigations.  The  subject  is  to  a  certain  extent,  neces- 
sarily general,  and  the  appearance  of  precise  harmony'  could  not  be 
expected  even  were  our  data  exact,  which  the}^  are  not.  The  nature  of 
the  problem  requires  a  general,  not  a  special  agreement  between 
observation  and  theory.  When  we  are  considering  the  evolution  of 
order  from  chaos,  we  cannot  pretend  to  a  knowledge  of  all  the  ph3^si- 
cal  forces  which  exerted  an  influence.  We  go  back  to  a  supposed 
time  when  the  planetary  spaces  were  filled  witii  nebular  matter  ;  we 
assume  the  existence  of  certain  nuclei  or  centres  of  attraction  ;  and, 
from  our  knowledge  of  the  solar  system,  as  it  now  is,  infer  the  relative 
force  which  these  several  centres  of  attraction  must  have  exerted. 
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and  assign  to  each  its  proportionate  realm.  If  now  we  find  that 
the  spheres  of  influence  belonging  to  the  several  nuclei  are  harmo- 
niously connected,  by  a  simple  formula,  with  the  periods  of  rotation 
as  observed  to-day, — an  element  before  omitted  in  our  investiga- 
tions— we  discover  a  remarkable  corroboration  of  tlie  pi'obability 
of  our  h^'pothesis.  This  is  what  Kirkwood's  formula  professes  to 
be — a  simple  relation  between  the  time  of  rotation  and  the  diameter 
of  the  sphere  of  attraction. 

The  subject  being  then  a  strictly  general  one,  we  are  not  war- 
ranted in  demanding  that  exactness  of  numerical  agreement, 
requisite  for  the  verification  of  theories  of  a  more  special  nature. 
If,  as  circumstances  appear  to  indicate,  more  careful  investigation 
sliould  lead  to  the  general  adoption  of  the  theory  of  Kirk  wood,  I 
should  not  desire  that  this  should  be  denominated  a  law.  Nature's 
laws  must  be  precise  and  complete.  The  relation  which  we  are 
considering  claims  only  to  be  approximate — an  analogy.  And  in 
speaking  of  it,  I  shall  call  it  by  tliis  name,  KirkwoocVs  Analogy. 
And  where  we  have  by  hypothesis  a  riglit  to  expect  analogy  and 
not  perfect  accordance,  the  want  of  perfect  accordance  must  not 
be  considered  to  cast  doubt  upon  the  theor}'.  Besides,  if  Kirk- 
wood's Analogy  were  the  result  of  a  general  law,  would  not  the 
action  of  the  law  be  modified  in  all  probability  by  circumstances 
which  would  prevent  us  from  perceiving  any  strict  mathematical 
precision?  The  considerations,  which  would  be  strong  arguments 
against  hj'potheses  of  other  kinds,  do  not  appear  to  me  weight}'  when 
applied  to  any  thing  so  rude  as  the  motion  of  chaotic  matter. 

There  is  a  formula  known  as  "  Bode's  law  " — an  empirical  formula 
— expressing  a  supposed  analogy,  for  which  no  reason  was  ever 
assigned  and  Avhich,  even  before  it  was  broken  by  the  new  planet 
Neptune,  was  found  utterly  devoid  of  that  universality  and  precision 
which  must  characterize  all  laws  of  nature.  Though  it  was  consid- 
ered a  remarkable  coincidence,  and  perhaps  as  capable  of  suggesting 
some  law  of  nature,  no  true  mathematician  could  ever  have  re- 
garded it  as  a  real  laav.  Moreover,  Gauss  had  shown  long  since 
that   it  did  not  hold  for  Mercurj'. 

This  "  Law  of  Bode  "  was  analogous  to  the  theory  of  Kepler,  that 
as  there  were  but  five  regular  solids,  there  could  be  but  five  plane- 
tary intervals,  and  therefore  no  planet  between  Jupiter  and  Mars. 

Kepler's  theory  was  totally  overthrown  by  the  discovery  of  Ura- 
nus, as  the  other  has  been  by  the  discovery  of  Neptune.  Bode's  law. 
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to  which,  by  the  way,  Bocle's  name  has  been  improper!}'  given,  would 
make  the  distance  of  Neptune  beyond  the  orbit  of  Uranus  nineteen 
times  the  distance  of  the  Earth  from  the  Sun,  while  it  is  in  fact  less 
than  eleven  times  this  distance  beyond  it,  so  that  the  fallacy'  of  this 
formula  must  now  be  so  evident  as  to  require  no  demonstration. 

Discordances  such  as  those  which  exist  in  the  application  of  this 
law  to  the  planetary'  system  would  afford  sufficient  reason  for  re- 
jecting the  analogy  of  Kirk  wood  ;  but,  with  even  these  discordances, 
the  fact,  that  a  single  formula  would  approximatel}^  represent  the 
truth  to  so  great  an  extent,  would  justify  us  in  bestowing  much 
time  upon  its  consideration. 

[Dr.  Gould  then  gave  a  brief  sketch  of  the  points  of  connection 
ibetsveen  the  nebular  hypothesis  and  the  new  analogy, — showing 
^how  the  one  would  lead  to  the  other.] 

It  will  be  remarked  that  in  the  phrase  "sphere  of  attraction,"  the 
■word  sphere  is  not  used  in  its  geometrical  sense.  Nor  is  a  planet 
.necessarily  in  the  centre  of  its  sphere  of  attraction,  for  upon  the 

■  one  side,  as  is  the  ease  with  the  earth,  may  be  a  planet  comparatively 
.near.,  and  upon  the  other  a  smaller  planet  at  a  greater  distance; 
whence  it  is  evident  that  the  extent  of  the  sphere  of  attraction 
•will  be  much  less  upon  the  former  side  than  upon  the  latter. 

In  Mr.  Walker's  theory  he  assumes  x,  in  the  equation. 

2-     2. 
.0  =:  — . «" '  to  be  a  constant  and  equal  tO(k)  i .  -^-^-^  Jg-^  -^i^ii  the  term  k 

being  nearly  2.  In  the  following  formulas  I  shall  denote  the  quan- 
tities which  refer  to  the  Earth  by  a  single  accent,  those  referring 
to. Mars  by  two,  to  Jupiter  by  four,  and  to  Saturn  by  five,  reserv- 
ing three  accents  for  the  hypothetical  planet  between  Mars  and 
Jupiter.  I  make  use  of  Mr.  Walker's  formula  for  the  sphere  of 
attraction  as  follows :  D  being  the  diameter  of  sphere,  a  being  the 
.mean  distance  of  the  planet,  and  ??i  being  its  mass. 

For  Jupiter  we  have 

,    .    /      o}"  —  a'"         ,         a'-  —  a'^      \ 
'  \ym''  -\-  ym'"    '   y  m"  -\-  p/mV 

:  So  for  Mars  ; 

^         V|/.«i"  —  i/m'      V'm"  -\-  i/m'"/ 
In  these  formulas  you  will  perceive  that  every  thing  is  known, 

■  except  the  mass  and  distance  of  the  new  planet ;  or  the  old  planet,  if 
•you  please.  The  only  assumption  is  the  truth  of  the  nebular  liypoth- 
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esis.  If  we  knew  the  values  of  D'"  and  D",  the  spheres  of  attraction 
of  Jupiter  and  Mars,  we  sliould  have  two  equations  and  but  two 
unknown  quantities,  a'"  and  m"',  and  should  thus  have  this  planet 
restored  b}'  the  nebular  hypothesis  alone. 

I  have  assumed  in  the  computation  for  the  value  of  7i,  not  2, — 
the  constant,  which  Mr.  Walker  supposes  it  to  be,  not  onl}'  from 
his  calculations,  but  from  a  priori  reasoning, —  but  the  mean  of  the 
values  obtained  from  each  planet,  using  the  masses  as  given  in  the 
books,  though  affected  of  course,  with  some  inaccuracy. 

Now  recurring  to  the  above  phenomena,  let  us  take,  for  the  sake 
of  convenience, 


-A  —  a"  —  a'"  —  A, 


and  then  we  have, 

m" 

and  hence  y  m'"  = -^ — ■ 

|/  m^''  y  m" 

Here  all  the  quantities  on  one  side  are  known,  and  we  use  the 
mass  of  the  new  planet  thus  obtained  for  the  solution  of  the  prob- 
lem. This  being  substituted  in  either  of  the  previous  equations, 
will  give  us  the  mean  distance  of  the  planet. 

A      fnJ" 
Or,  if  for  convenience  we  make  -^y  ■ — — =  O 

B  ^  m 

we  shall  have  —         a"  = '    ' — -^ — 

1  -f-  G 

Now  the  only  question  is  as  to  the  value  to  be  adopted  for  Mr. 
Walker's  constant,  which  it  seems  to  me  should  be  deduced  from 
observation  only. 

In  computing  the  value  of  7c,  I  obtain  for 

Venus, 1.9374 

Earth, 1.9030 

Saturn, 1.9763 

The  mean  of  this, 1.939 

is  the  quantity  assumed  for  k,  in  obtaining  the  results  of  which  I 
shall  speak ;  these  three  planets  being  the  only  ones  to  which  the 
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formula  can  be  applied.     It  will  be  seen  that  the  values  obtained 
are  most  confirmatory  of  Mr.  Walker's  results.    Unless  we  suppose 
the  nebular  matter  to  have  been  equallj^  distributed  through  the  . 
solar  system,  we  could  not  expect  to  find  Tc  absolutely  constant, 
even  if  it  were  an  approximation  to  the  number  2. 

Prof.  Walker  here  remarked  that  the  constant  used  by  Dr.  Gould 
answered  better  than  the  constant  2. 

Dr.  Gould.  We  do  not  know  the  extent  of  Mercury's  influence 
inside  its  orbit,  and  hence  cannot  know  the  diameter  of  its  sphere  of 
attraction.  Nor  can  we  apply  the  formula  to  Mars  or  to  Jupiter,  for 
we  do  not  know  what  planet  may  have  been  between  them.  We 
cannot  apply  it  to  Uranus,  for  we  do  not  know  its  period  of  rotation. 
There  remain  but  the  three  planets  mentioned  above. 

Calculating,  from  the  equations  thus  developed,  the  mass  and 
distance  which  would  belong  to  a  planet  between  Mars  and  Jupiter, 
and  thence,  by  Kirkwood's  analogy,  the  corresponding  time  of 
rotation,  we  do  not  find  it  so  great,  that,  by  mere  centrifugal  force, 
the  planet  could  have  been  exploded,  and  its  mass  scattered  in  tlie 
form  of  asteroids. 

From  a  very  rough  computation  of  the  place  and  size  of  the  hypo- 
thetical planet,  lobtain  a  mean  distance  3.12, — and  a  niass-^oT.VcTc 
This  mass  is  very  much  smaller  than  the  mass  of  our  earth,  and  would 
agreewith  the  supposition  of  asmall  planet,  smallereven  than  Venus, 
but  would  be  at  least  equal  in  size  to  twelve  or  fifteen  Asteroids. 

Tills  gives  rise  to  a  great  many  speculations,  most  interesting  and 
important  in  their  bearing  upon  the  theory  of  tlie  universe.  I  wish 
to  dwell  upon  the  fact  that  we  neither  know  accurately  the  period 
of  rotation,  or  the  mass  of  most  of  the  planets.  The  onl}'  element 
which  is  really  well  known  is  the  distance  of  the  primary  planets 
from  the  sun.  Then  there  is  the  ditficulty  to  which  I  also  alluded, 
in  ascertaining  the  magnitude  of  spheres  of  attraction,  that  we 
cannot  assume  the  nebulous  matter  to  be  equally  dense  ;  so  that 
it  cannot  be  demanded  that  the  analogy  should  be  very  accurately 
expressed  by  any  given  data. 

It  is  now  extremely  important  that  observations  should  be  made 
upon  the  periods  of  the  rotation  of  several  planetary  bodies,  and  is 
much  to  be  desired,  as  bearing  upon  this  problem,  that  those  who 
occupy  themselves  with  what  may  be  called  the  natural  history  of 
astronomy  should  determine  the  times  of  rotation  anew,  and  thus 
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enable  us  to  decide  upon  the  truth  of  a  law,  the  discovery  of  which 
may  be  important  in  the  history  of  Astronomy. 

Prof.  Walker  made  a  remark  on  Satnrdaj',  with  reference  to  the 
position  to  which  Mr.  Kirkwood  will  be  entitled,  should  his  theory 
be  found  true.  The  Section  seemed  surprised  at  this  remark.  I 
do  not  wish  to  express  myself  strongly,  but  certainly  when  we  look 
back  upon  the  labors  of  Kepler,  who  strove  so  many  years  with  re- 
sults so  unpromising,  until  he  discovered  the  laws  which  underlie 
the  whole  fabric  of  oar  solar  system,  and  then  turn  to  Mr.  Kirk- 
w'ood,a  teacher  in  the  interior  of  Pennsylvania — who  without  the 
sympathies  of  kindred  minds,  or  the  use  of  any  library  of  magnitude 
— without  calling  even  upon  the  aid  of  strict  mathematical  anal3'sis 
— has  fixed  his  attention  upon  this  one  problem,  and  investigated 
it  in  all  its  bearings,  until  after  ten  years  of  patient  thought  and 
labor,  he  has  arrived  at  such  a  result  as  this — we  cannot  but  be  struck 
with  the  similarit^'^of  the  two  cases  ;  nor  can  we  consider  it  as  very 
derogatory  to  the  former  to  speak  hereafter  of  Kepler  and  Kirk- 
wood together  as  the  discoverers  of  great  planetary  harmonies. 

Prof.  Walker  followed  with  some  remarks  upon  the  same  sub- 
ject. He  gave  the  formulas  of  the  nebular  theory  upon  the  suppo- 
sition that  the  substance  is  homogeneous,  etc.,  and  of  rotation,  as 
connected  with  Kirkwood's  analogy.  From  these  calculations,  he 
derived  results  relative  to  the  mode  of  formation  of  the  earth  from  tlie 
ring,  the  form  in  which  it  must  have  existed  according  to  thattheor3'. 


On   Geometrical    Interpretation    op    Analytical    Notation. 
By  J.  Patterson. 
This  long  communication  Avas  of  such  nature  that  no  abstract 
could  be  made. 


On  a  Curious  Phenomenon  Relating  to  Vision. 
By  Prof.  Lovering. 
Plateau,  Wheatstone,  and  Faraday  have  made  ingenious  re- 
searches on  the  appearances  exhil)ited  by  wheels  in  rotation.  The 
optical  deceptions  which  they  describe  all  turn  upon  that  organic 
peculiarity  of  the  eye  called  the  persistency  of  impressions  on  the 
retina.  The  phenomenon  to  wliich  this  paper  relates  also  originates 
in  an  organic  law  of  vision,  but  one  wholly  distinct  from  that  just 
mentioned. 
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The  phenomenon  is  as  follows.  When  the  plane  of  rotation  of 
an  ordinaiy  windmill  nearly  coincides  with  the  axis  of  vision  of  an 
eye  which  is  looking  towards  it,  we  have  observed  that  the  mill 
will  aj>pear  suddenl}^  to  shift  to  the  other  side  of  the  axis  of  vision, 
and  turn  in  the  opposite  direction.  In  a  few  minutes  it  will  resume 
its  first  position,  and  then  change  again  ;  and  so  on  repeatedly  as 
long  as  we  continue  to  look  steadil}'  at  it.  The  change  in  the  direc- 
tion of  rotation  is  alwa3's  associated  with  the  displacement  of  the 
plane  of  rotation.  The  observer  may  soon  satisfy  himself,  from  the 
direction  of  the  wind  and  otherwise,  that  both  these  changes  are  ap- 
parent and  not  real.  Of  course,  therefore,  the  wheel  is  not  seen  to 
move  from  one  side  of  the  axis  of  vision  to  the  other  ;  it  does  not 
move  at  all.  The  change  originates  in  the  eye  and  in  the  judg- 
ment which  the  mind  passes  on  the  facts  of  sensation,  and  is  not 

subject  to  the  law  of  continuity. 

Figure  1. 


IVl 
Figure  2. 

Let  "W  M  represent  the  intersection  of  the  place  of  rotation  of 
the  windmill  with  the  horizon  ;  let  E  be  the  place  of  the  eye,  and  E 
W  the  direction  of  the  extremity  of  the  left  horizontal  arm  of  the 
mill,  and  E  M  the  direction  of  the  end  of  the  right  horizontal  arm. 
What  we  wish  to  explain  is,  why  the  line  W  M,  which  is  really  In 
the  position  assigned  to  it  in  figure  1,  appears  sometime  to  occupy 
the  position  which  we  have  given  it  in  figure  2. 

We  start  with  what  we  think  must  be  admitted  to  be  a  general  fun- 
damental law  of  vision,  namely,  that  the  e^-e  is  so  organized  that  it  is 
able  directl}'  to  see  the  direction  of  a  point,  but  not  its  distance  in  a 
straight  line  from  itself.  The  eye  can  see  directly  the  distance  of  two 
bodies  from  each  other,  at  least  that  resolved  portion  of  it  which  is 
perpendicular  to  the  mean  axis  of  vision,  because  this  portion  sub- 
tends an  angle  which  represents  the  diflTerence  between  twodirections. 
The  measurement  of  such  a  distance  is  embraced  in  the  provision  for 
seeing  direction.  All  those  methods  used  in  Geodesy  and  Astronomy 
to  obtain  that  element  of  the  distance  which  is  parallel  to  the  axis  of 
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vision  (b}'  parallax,  as  it  is  called)  depend  on  the  geometrical  re- 
lation existing  between  this  unknown  distance  and  certain  directions 
■which  are  seen  and  determined  at  once  by  the  eye.  We  take  the 
direction  of  a  body  from  two  stations  ;  those  angles,  with  the  dis- 
tance between  the  stations,  furnish  all  the  requisite  data  for  the 
solution  of  tlie  problem.  We  cannot,  in  such  a  case,  be  said  to  see 
the  distance  of  the  body,  although  all  the  data  are  obtained  by  sight. 
For  the  directions  are  not  observed  together,  but  in  succession  ;  or, 
if  at  the  same  moment  by  two  different  observers,  we  can  hardly 
call  that  the  result  of  direct  sensation  which  requires  two  persons. 
Moreover,  in  either  case,  the  calculation  which  gives  us  the  distance 
may  follow  at  a  long  interval. 

Tbese  angles  which,  in  important  cases,  are  measured  by  nicely 
graduated  instruments,  accurately  pointed  by  the  help  of  lenses,  are 
ordinarily  judged  of,  or  guessed  at,  by  the  e^-e.  And  these  calculations 
which,  for  the  delicate  objects  of  science,  are  laboriously  and  leisurely 
performed  with  tables  of  logarithms,  ma}^  be  instantaneously  and 
unconsciousl}'  gone  over  in  the  mind.  In  such  cases,  we  think  we  see 
approximately  the  distance  of  a  bod}'.  But  the  nature  of  the  process 
is  the  same  ;  it  is  the  same  mind  which  geometrizes,  though  the  data 
and  calculations,  and  consequently  the  results  do  not  aspire  to  an 
equal  degree  of  accuracy.  As  this  process  takes  so  little  time,  as  the 
observer  may  not  move  his  body,  or  even  his  eye,  he  easily  persuades 
himself  that  he  enjoj's  the  power  of  seeing  distances.  Its  failure  in 
many  exigencies  best  reveals  the  character  and  extent  of  this  power. 

1.  In  the  first  place  the  two  e3-es,  directed  from  their  two  posi- 
tions in  the  head,  upon  the  same  body,  as  two  telescopes  upon  two 
remote  mountains  point  to  the  signal  that  shines  upon  a  third, 
furnish  the  data  for  calculating  the  distance  of  the  body.  A  single 
eye,  if  the  head  move,  can  do  the  same  work  ;  it  ma}^  do  it  much 
better  if  we  move  the  head  further  than  the  interval  between  the 
eyes,  and,  best  of  all,  if  we  move  the  wdiole  body  and  enlarge  our 
base  of  operations.  Whenever  the  distance  of  the  object  is  very 
large,  compared  with  the  interval  between  the  eyes  or  the  base  line, 
we  have  what  is  called  an  ill-conditioned  triangle,  and  our  uncon- 
scious geodesy  fails  us  ;  we  commit  great  errors  in  estimating  the 
distance,  or  are  wholly  at  a  loss  about  it. 

2.  Another  method,  and  which  can  be  practised  by  a  single  eye, 
rests  upon  the  adaptation  of  the  focus  of  the  eye  to  different  distances. 
By  the  effort  made  to  change  this  focus,  we  are  informed  of  the  diver- 
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gency  of  the  rays  which  have  entered  the  pupil,  and  consequenth'  the 
distance  of  their  radiating  centres.  It  would  not  be  difficult  to  trace 
an  analogy  between  this  operation  and  that  which  enables  us  to  meas- 
ure an  air  line  across  seas  and  mountains.  But  in  this  miniature  ex- 
hibition of  the  process,  the  base  line  is  no  larger  than  the  diameter  of 
the  pupil,  and  we  arrive  very  soon  upon  ill-conditioned  triangles.  As 
the  distance  increases,  this  second  method  fails  us  much  sooner  than 
the  first  method.  "Wheneverthe  distance  of  a  bod}^  is  large,  compared 
with  the  focal  length  of  the  eye,  the  raj's  from  it  are  sensibly  parallel 
and  remain  so  for  all  larger  distances.  The  ra^'s,  therefore,  from  all 
bodies  outside  of  this  limit  have  sensibly  the  same  focus,  and  conse- 
quently their  exact  distances  cannot  be  appreciated  through  the 
change  in  the  focus  of  the  e3'e  as  it  passes  from  one  to  the  other. 
Assuming  now  that  a  body  is  within  such  limits  of  distance  from 
the  eye  that  its  distance  may  be  approximately  calculated  from  such 
data  as  the  eye  itself  will  furnish,  by  one  or  other  of  the  two  methods 
described,  it  may  still  be  true,  if  the  bod}'^  is  small  compared  with  its 
distance,  that  the  observer  will  not  be  able  to  sa}-  ivhicli parts  of  the 
body  are  nearest,  and  which  are  most  remote;  and  now  we  come  to 
the  case  of  the  windmill.  If  the  arm  on  the  left  is  the  nearest,  then 
the  plane  of  rotation  is  as  is  represented  in  figure  1.  If  the  arm  on 
the  rightisthe  nearest,  the  position  of  this  same  plane  is  as  it  appears 
in  figure  2.  So  far  as  this  position  is  to  be  settled  by  an  accurate 
comparison  of  the  relative  distances  of  the  several  parts  of  the  mill, 
it  is  obvious  that  our  judgment  must  be  at  fault,  whenever  the  wheel 
is  at  any  considerable  distance,  for  want  of  precise  data  on  which  to 
ground  its  calculations.  The  only  thing  which  the  eye  can  see  accu- 
rately is  the  direction  of  the  diflTerent  parts.  If  the  distances  are 
eliminated,  the  position  in  figure  2  represents  the  directions  as  faith- 
fully as  that  in  figure  1.  "Whenever  we  know  beforehand  the  real 
shape  of  a  bod}'^,  we  have  some  assistance  in  ascertaining  its  real 
position.  Suppose  we  know  that  W  M  is  a  straight  line  turning  upon 
its  middle  point ;  if  the  position  is  as  in  figure  1,  W  C  must  subtend 
a  larger  angle  than  M  C.  The  contrary  will  be  true  in  the  position  of 
figure  2.  Let  us  now  call  up  the  image  of  the  whole  mill ;  let  us 
suppose  that  we  know  it  to  be  a  circle  presented  obliquely  to  the  e3'e  ; 
our  geometrical  sense  will  tell  us,  that  if  the  leftside  is  turned awaj', 
the  centre  of  the  wheel  will  be  projected  on  tlie  ellipse  of  projection 
of  the  whole  wheel  nearest  to  the  left  edge.  If  the  right  side  is  most 
remote,  the  projected  centre  will  be  towards  the  right  edge.  An  eye, 
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nicch'  disciplined  in  perspective,  lins  here  the  means  of  determining 
the  position  of  the  plane  from  the  relative  fore-shortening  of  its 
parts.  Suppose  the  observer  to  use  both  eyes,  that  comparison  of 
the  images  which  gives  the  position  of  the  body  will  be  still  easier. 
For  the  images  of  the  wheel  on  the  two  eyes  will  be  different ;  and 
the  image  which  is  on  the  left  63-6,  when  the  wheel  has  the  position 
in  figure  1,  will  be  on  the  right  e3'e,  when  the  wheel  is  in  the  posi- 
tion of  figure  2.  Finall}',  we  may  invoke  the  aid  of  the  lights  and 
shadows  to  confirm  us  in  our  decision.  If  the  sun,  or  principal 
source  of  light,  is  on  the  right,  then  the  side  at  which  we  look  will 
be  illuminated  when  the  real  position  of  the  mill  is  as  in  figure  1  ; 
but  it  will  lie  in  shade  when  the  position  of  figure  2  is  the  true  one. 

If  this  view  of  the  subject  be  correct,  we  certainly  cannot  be 
said  to  see  directly  the  position  of  a  body  b}'  a  simple  effort  of  sight. 
By  means  of  this  organ  we  gather  up  a  variety  of  data,  which  are 
submitted  to  a  rapid  mental  analysis.  When  the  body  is  near,  the 
diflTerential  qualities  on  which  our  judgment  is  based  are  substantial 
and  obvious,  so  that  he  who  runs  ma}'  read.  As  the  distance  increa- 
ses, the  calculation  grows  nicer  ;  only  a  careful,  scrutinizing  eye  will 
notice  the  delicate  touches  in  outline,  proportion,  or  shading,  on 
which  the  problem  hangs.  At  still  greater  distances  it  is  impossible 
for  an)'  eye,  or  any  mind,  however  geometrical,  to  divine  the  true 
position.  Before  this  limit  is  reached,  our  decision  is  held  by  so 
weak  a  tenure,  that  a  slight  circumstance,  the  absence  of  strong 
sunlight,  an  obliquity  in  the  eye,  or  a  scarcely  perceptible  motion  of 
the  head,  are  suflScient  to  alter  it.  The  mind  halts  between  two 
opinions ;  at  one  moment  thinking  the  body  is  in  one  of  the 
possible  positions,  and  the  next  moment  believing  as  confidently 
that  it  is  in  the  other. 

This  instability  in  the  judgment  which  reason  pronounces  on  the 
testimony  of  the  eye,  in  doubtful  cases,  is  not  of  rare  occurrence. 
Man)'  have  been  struck  with  the  difficulty  of  determining  in  which 
two  positions  a  flag  or  a  vane  is  situated  ;  and,  therefore  in  which 
two  widely  different  directions  the  wind  is  blowing.  Of  two  observ- 
ers at  the  same  spot,  one  may  affirm  that  it  is  in  one  position,  while 
the  other  is  equally  sure  that  it  is  in  the  other  position.  The  decep- 
tion in  regard  to  the  direction  of  rotation,  though  a  necessary  con- 
sequence of  the  displacement  in  position,  has  not  been  so  frequently 
observed,  and  has  never,  so  far  as  I  know,  been  explained.  Suppose 
a  wheel,  whose  plane  of  rotation  is  in  a  vertical  plane  nearly  coinci- 
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dent  with  the  axis  of  vision.  "What  distinguishes  a  rotation  in  one 
direction  from  a  rotation  in  the  opposite  direction,  except  that,  if, 
in  one  case,  the  edge  nearest  the  eye  is  descending,  in  the  otlier  case 
it  will  be  ascending?  But  the  displacement  which  has  been  under 
discussion  consists  in  an  illusion  as  to  the  relative  distances  of  the 
parts :  those  which  are  nearest  being  placed  as  if  they  were  the 
most  remote.  If,  therefore,  in  tlie  true  position,  the  nearest  parts 
are  ascending,  in  the  fictitious  position,  the  remote  parts  will  be 
ascending,  and  hence  the  motion  will  appear  as  one  in  the  opposite 
direction  to  the  real  one. 

Prof.  Snell  remarked  that  he  had  often  noticed  similar  optical 
illusions.  He  thought  that  an  uncertainty  between  two  such  posi- 
tions of  the  object,  as  would  give  the  same  projected  figure,  usually 
occurred,  where  there  was  no  decided  light  or  shade  falling  upon  it, 
to  aid  the  observer.  But  on  the  other  hand,  if  the  observer  was  in 
any  way  deceived  with  regard  to  the  direction  in  which  the  light 
came,  instead  of  being  in  doubt,  he  would  make  a  wrong  judgment 
as  to  the  position  of  the  object  or  the  nature  of  its  snrface.  He  then 
instanced  the  ilkision  in  an  inverting  microscope,  where  the  direc- 
tion of  the  light  being  known,  a  raised  surface  is  liable  to  appear 
depressed,  and  vice  versa. 

Prof.  Henry  stated  that  he  had  noticed  the  same  illusion  just 
before  leaving  home.  Dr.  Foreman  and  himself,  endeavoring  to 
ascertain  the  direction  of  the  wind,  referred  for  this  purpose  to  the 
motion  of  a  windmill  near  by  ;  thej'  disagreed  as  to  the  direction 
of  its  rotation.  The  phenomenon  struck  liim  as  singular,  but  his 
mind  at  the  time  was  much  occupied  with  other  subjects,  and  he 
did  not  attempt  to  make  out  the  cause. 

There  is  another  illusion  belonging  to  a  similar  class  ;  I  refer,  said 
Prof,  n.,  to  the  apparent  motion  of  a  body  at  rest,  and  the  converse  ; 
this  is  an  illusion  of  very  frequent  occurrence,  but  which  I  have  not 
seen  as  minutel}^  analyzed  as  might  be  desirable.  I  was  led,  a  few 
years  ago,  to  reflect  upon  the  cause  of  it  from  this  circumstance. 
Standing  with  twoof  my  little  girls,  upon  the  edge  of  the  canal  basin, 
and  looking  down  upon  a  boat  gradually  approaching  the  i)lace  on 
which  we  stood,  I  observed  that  suddenly  the  motion  of  the  boat  was 
apparently  transferred  to  the  wharf,  and  at  the  same  instant  each  of 
thechildrenexclaimed,Oh  !  I  am  moving.  The  question  immediately 
occurred  to  1113^  mind,  why  should  these  observers  be  subjected  to  this 
illusion  at  the  same  moment  ?     AVhat  are  the  conditions  necessary  to 
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produce  tliis  effect?  The  following  h3'pothesis  suggested  itself  jis 
the  most  plausible  answer,  namely:  By  long  experience,  the  mind 
has  acquired  the  habit  of  inferring  without  reflection,  that  when  two 
bodies  are  relative)}''  in  motion,  the  real  motion  belongs  to  the 
smaller,  and  that  the  larger  is  at  rest.  It  is  not  necessary  to  the 
effect,  that  one  of  the  bodies  should  really  be  the  larger,  but  that  at 
the  time  it  should  occupy  the  larger  portion  of  the  field  of  view. 
Thus  in  the  case  of  the  boat ;  while  it  was  at  a  distance,  and  occu- 
pied but  a  small  part  of  the  field  of  view,  it  was  the  smaller  object, 
and  with  reference  to  the  wharf  appeared,  as  it  was,  in  motion  ;  but, 
when  it  came  almost  directly  beneath  the  observers,  so  as  to  occupy 
the  principal  part  of  the  field  of  view,  and  consequently  the  greater 
share  of  attention,  it  became  the  fixed  body,  and  the  wharf  the  mov- 
ing one.  To  bring  this  hypothesis  to  the  test,  an  experiment  was 
instituted  on  the  spot ;  a  new  position  was  taken  in  advance  of  the 
boat,  and  as  it  approached  this,  the  same  phenomenon  was  again 
exhibited  ;  the  wharf  and  the  observer  began  to  move  ;  the  eve  was 
then  gradually  turned,  so  that  the  boat  would  occup}^  the  smaller 
portion  of  the  field  of  view,  and  the  wharf  became  the  larger  object. 
The  result  was  as  I  had  anticipated.  At  a  given  position  the  motion 
of  the  latter  instantly  ceased. 

It  was  observed,  however,  that  there  was  a  tendency  in  the  mind  to 
persist  in  its  affirmation,  if  it  may  be  so  called,  as  to  the  motion. 
When  the  wharf  once  appeared  to  get  into  motion,  the  illusion  did 
not  vanish  iinmediately  when  the  boat  became  apparently  the  smaller 
body,  but  it  required  that  the  wharf  should  be  considerably  larger, 
before  the  effect  was  produced.  In  the  same  way,  when  the  mind 
had  concluded  that  the  boat  was  the  moving  body,  it  required  an 
interruption  of  the  attention,  together  with  a  much  greater  apparent 
size  of  the  boat,  to  transfer  the  motion  to  the  wharf. 

The  illusion  is  most  perfect,  when  the  moving  body  occupies  the 
whole  space  around  the  observer.  Visiting,  said  Prof.  H.,  a  few 
months  ago,  the  Observatory  of  my  friend  Mr.  Hallowell,  of 
Alexandria,  the  whole  external  covering  of  which,  namely,  the 
cylindrical  sides  and  hemispherical  dome,  was  made  to  revolve, 
Avhile  I  was  within.  The  illusion  in  this  case  was  so  perfect,  that 
without  thought,  I  exclaimed  "  Stop  !  I  shall  fall,  and  the  instru- 
ments will  be  all  deranged." 

The  same  apparent  transfer  motion  may  be  produced  in  another 
way,  depending  however,  on  the  same  mental  tendency.  If  we  are 
in  a  car  which  is  in  a  state  of  rest  in  a  depot,  after  we  have  travelled 


376  PROCEEDINGS    OF   THE   AMERICAN   ASSOCIATION 

several  hours  on  the  railwaj^,  and  another  car  starts  from  along- 
side, the  motion  scarcely  ever  fails  to  be  transferred  in  appearance 
to  the  car  in  which  we  are  placed.  In  this  case  the  mind  has  been 
assured  by  the  previous  experience  of  several  hours,  that  the  car 
in  which  we  have  travelled,  and  not  the  external  objects  on  which 
we  have  looked,  is  in  motion,  and  without  reflection  the  conclusion 
is  formed,  that  this  is  still  the  case. 

The  same  tendency  of  the  mind  was  probabh''  concerned  in 
causing  the  apparent  difference  of  direction  in  the  rotation  of  the 
windmill,  as  observed  by  Dr.  Foreman  and  myself.  All  the  physical 
conditions,  as  described  by  Prof.  Levering,  were  in  this  case  prob- 
ably the  same  to  his  eyes  and  to  mine.  If,  however,  one  of  us  had 
frequently  seen  the  mill  turning  in  a  particular  direction,  the  pre- 
ponderance of  prejudice  would  be  given  in  his  mind  to  that  direction, 
and  tluis  determine  the  apparent  motion. 

All  phenomena  of  this  kind  are  connected  with  the  instinctive  gen- 
eralizing tendencj'  or  law  of  the  mind,  which  leads  us  to  believe  that 
what  has  happened,  will  happen,  and  that  under  like,  or  apparently 
like  conditions,  like  effects  are  produced,  a  tendency  which  is  the 
source  of  all  our  general  truths, and  perhaps  of  most  of  our  popular 
errors. 

Prof.  Johnson  cited  the  deception  which,  no  doubt,  very  many 
persons  had  experienced,  when,  in  a  railroad  car,  and  at  rest,  the 
motion  of  a  car  or  train  of  cars,  on  an  adjacent  track,  is  transferred, 
in  the  conception  of  the  observer,  to  the  car  in  which  he  is  seated. 
This  ocular  deception  is  particularly  liable  to  occur  at  depots  and 
other  stopping  places,  after  a  temporary  stoppage,  and  while,  appa- 
rently, the  sensoriura  is  more  or  less  vividlyimpressed  with  the  eti'ect 
of  passing  by  objects  at  rest.  The  mind  liaving  been  for  some  time 
continuously  affected  by  the  observer's  own  motion,  while  going  by 
stationar}'  objects,  he  is  led  involuntaril}^  to  attribute  the  observed 
motionof  otherobjects  across  liisline  of  vision  totlie  samecause,  and 
if  tlie  train  be  passing  him  in  a  direction  opposite  to  that  in  which  he 
has  been  travelling,  and  be  a  long  one,  the  uncertainty  felt  becomes 
heightened  and  sometimes  almost  painful,  so  tliat  the  traveller  is  fain 
to  relieve  himself  from  it,  b}'  looking  out  to  see  whether  in  reality  the 
wheels  of  the  contiguous  train  are  revolving  or  not,  or  to  look  to  the 
opposite  side  of  the  train  in  which  he  is  seated.  On  badl}'  con- 
structed roads  and  in  rapid  motions,  other  senses  come  in  to  correct 
that  of  sight.  According  to  the  experience  of  Prof.  J.  wearenotso 
apt  to  refer  the  motion  of  our  own  car  to  another  at  rest,  as  that  of 
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another  in  motion  to  our  own  when  at  rest,  and  this  perhaps  for 
the  reason  that  our  impressions  have  been  derived  frorn  our  own 
motion,  while  passing  by  stationary  objects.  Ocular  spectra  and 
their  duration  on  the  retina  are  familiar  facts.  But  in  the  rapid 
succession  of  objects  in  the  case  of  railroad  travelling,  the  only  im- 
pression in  any  degree  durable  is  mere  apparent  motion,  in  objects 
near  us,  and  this  appears  to  heighten  the  illusion  arising  from 
standing  on  shore,  and  seeing  a  large  body  near  us  in  motion. 

Lieut.  Maury  mentioned  the  fact,  that  at  sea,  the  other  vessel 
always  seemed  to  be  flying  while  they  were  apparently  motionless. 
It  made  no  difference  as  to  the  relative  size  of  the  two  vessels  ;  one 
might  be  a  seventy-four,  and  the  other  a  fishing-smack.  He  as- 
cribed it  in  part  to  the  fact  that  the  muscular  activity  which  nor- 
mally' produces  motion,  was  not  in  exercise. 

Dr.  Gould  remarked  that  the  explanation  of  Prof.  Henry  would 
cover  this  case,  for  the  vessel  on  which  the  observer  is  situated 
would  occupy  the  larger  portion  of  the  field  of  attention. 

Prof.  Peirce  mentioned  a  case  where  he  met  a  train  of  cars  in 
motion,  and  found  it  impossible  to  walk  straight,  while  his  eyes  were 
fixed  upon  it,  on  account  of  the  transfer  of  motion.  It  had  been 
impossible  to  ascertain,  for  the  same  reasons  as  apply  to  the  wind- 
mill, whether  the  satellite  of  Neptune  moved  in  a  retrograde  or  di- 
rect orbit. 

Prof.  Henry  remarked  that  these  instances  showed  how  necessary 
it  was  to  learn  to  see.  The  senses  never  deceive  ;  the  error  is  al- 
ways in  the  mind.  The  mind  draws  wrong  conclusions  from  the 
evidence  of  the  senses.  He  mentioned  an  instance  where  he  had 
been  seasick,  and  afterwards  supposed  the  room  to  be  in  motion, 
and  himself  to  be  on  shipboard,  merely  from  the  undulation  of  the 
carpet,  by  the  wind. 

Dr.  Hare  mentioned  the  deception  in  the  sense  of  feeling,  aris- 
ing from  crossing  the  fingers  and  placing  a  ball  between,  when  it 
will  appear  double,  on  account  of  our  habits  being  to  refer  two  such 
sensations  to  opposite  points. 

Prof.  Holton  remarked  upon  the  illusion  produced  by  looking 
at  the  track  from  the  end  of  a  train  of  cars,  when  going  at  a  rapid 
rate.  Every  bush,  rock,  and  bridge  seems  to  be  contracting  its  di- 
mensions very  rapidly — crawling  into  itself,  as  it  were.  By  con- 
tinued observation,  the  eye  would  become  accustomed  to  the  motion, 
and  the  effect  would  not  be  produced. 
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Lieut.  Davis  mentioned  as  an  illustration  of  Prof.  Henr^^'s  theory, 
the  apparent  motion  of  the  moon  through  large  masses  of  clouds, 
and  the  motion  of  small  clouds  by  the  moon. 


On  the  Establishment  of  an  Astronomical  Journal  in  the 
United  States.     By  Prof.  J.  S.  Hubbard. 

I  propose  sa^'ing  a  few  words  on  the  establishment  of  an  Astro- 
nomical Journal  in  this  country.  That  such  a  journal,  once  estab- 
lished, would  be  of  great  benefit,  in  promoting  research  and  in 
diffusing  results,  none  can  deny  ;  the  only  question  is,  therefore,  is 
it  expedient  noiv  to  commence  the  work?  The  proposal  is  at  the 
outset  met  by  difficulties  apparently  neither  few  nor  small.  Persua- 
ded, however,  that  upon  closer  consideration  these  objections  will 
lose  somewhat  of  their  force,  we  venture  to  examine  them  a  little 
more  in  detail,  and  then  perhaps  we  shall  be  able  to  consider  with 
less  misgiving  the  advantages  to  be  derived  from  such  an  enterprise. 

But  before  proceeding  to  these  considerations,  it  would  be  well 
to  show  what  we  mean  b}'  an  Astronomical  Journal.  It  is  not  to 
be  what  is  called  a  jjopidar  work  ;  that  is,  its  object  is  not  to  reduce 
scientific  results  to  ordinarj'  language,  for  the  purpose  of  rendering 
them  intelligible  to  the  mass  of  unscientific  readers.  Nor  is  it  to 
be  the  organ  of  the  pseudo-scientific,  who  maj'^  attempt  to  build  up 
a  reputation  upon  words.  But  the  field  which  it  offers  should  be 
open  to  all  who  in  earnestness  and  in  truth  desire  to  cooperate  in 
enlarging  the  domain  of  astronomy.  The  student  who  desires  to 
learn  what  others  are  doing,  and  in  what  manner  results  are  obtained, 
and  the  man  of  established  reputation  who  may  wish  to  communi- 
cate to  others  the  light  that  has  dawned  upon  his  own  mind,  may 
here  find  a  ready  means  of  intercourse  with  others. 

Now  let  us  look  at  the  objections  urged  against  the  present 
establishment  of  such  a  journal.  It  is  said  that  the  paper 
will  not  support  itself.  The  force  of  this  we  can  hardly  admit. 
It  is  proposed  to  publish  it,  not  at  stated  periods,  but  irregu- 
larly, like  the  Astronomische  Xacliricliten — to  publish  at  least 
one  number  eveiy  month  and  oftener  if  convenient.  A  volume 
will  consist  of  a  definite  number  of  pages,  and  consequently  will 
embrace  a  longer  or  shorter  period  of  time  as  the  case  may 
be.  This  will  be  a  matter  of  both. necessity  and  convenience. 
Now    it  is  true  that  the  receipts  of  the  first  year  will  not   bal- 
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ance  the  eKpenditui'es, it  maybe  that  the  second  year  will  still  show 
a  deficit ;  but  we  are  provided  against  even  more  than  this.  There 
are  those  wholiave  pledged  themselves  to  make  up  for  three  j-ears  or 
even  more — any  amount  that  may  be  necessary  to  sustain  the  journal. 
This  pledge  has  been  given  after  a  careful  estimate  of  the  expense  of 
the  work.  If  after  a  trial  of  three,  or  even  two  years,  other  objec- 
tions more  forcible  tiian  this  should  continue  to  exist ;  if  tlie  impor- 
tance of  the  journal  and  its  effect  upon  the  science  of  the  couutrv 
have  not  become  sufficiently  evident  to  belts  own  best  argument  for 
support,  we  would  then  be  content  to  say  no  more,  and  to  relinquish 
entirely  the  further  prosecution  of  the  work.  Such  a  journal  ought 
not  to  support  itself.  We  do  not  dislike  to  see  this  objection  urged. 
It  implies  tlie  conviction  on  the  part  of  those  who  present  it,  that 
what  we  have  alread}^  said  concerning  the  character  of  the  journal 
itself  should  be  adopted  as  true.  Its  purely  scientific  character  ex- 
cludes from  its  columns  much  that,  not  bearing  directly  upon  the 
progress  of  astronomy,  would  still  be  of  interest  to  the  general 
reader,  and  it  limits  its  resources  entirely  to  those  contributors 
whose  object  is  only  the  promotion  of  astronomical  science.  The 
readers  and  the  contributors  will  therefore  at  first  be  few;  and  if, 
as  we  just  now  remarked,  at  the  end  of  three  j'cars,  during  which 
this  objection  must  remain  invalid,  its  force  be  then  acknowledged, 
it  were  better  that  the  journal  should  cease.  But  we  are  persuaded 
better  things  of  it,  and  are  willing  to  see  the  risk  tried.  The  want 
of  an  editor,  competent  and  at  the  same  time  willing  to  undertake 
this  labor,  has  been,  until  recently,  an  objection.  We  are  happy 
to  say  that  one  of  our  own  inimber,  a  member  of  this  Association, 
Jcnown  not  only  among  ourselves,  but  abroad,  and  with  whom  we 
believe  the  astronomers  of  this  country  will  unite  in  a  cordial  co- 
operation, has  expressed  himself  willing  and  readj'^  to  undertake 
the  task  of  editing  the  Journal. 

The  strongest  argument  brought  against  us  is  the  lack  of  mater- 
ial, of  communications  such  as  we  have  alluded  to,  sufficient  to  fill 
the  columns  of  a  periodical  journal.  This  is  a  matter  of  conviction, 
it  may  be  of  partial  experience,  and  we  cannot  gainsay  its  force. 
But  there  are  several  things  to  be  thought  of,  in  connection  with 
this.  We  have  two  classes  of  matter  to  look  for — observations 
and  investigations.  Of  the  former,  there  is  already  a  store  in 
hand,  never  published.  Observations  are  increasing  among  us, 
and  scarcely  a  clear  night  passes  but  something  of  importance  is 
26 
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determined,   some   fact   noted    which   bat  for   our    astronomical 
Journal,  might  remain  forever  in  the  pages  of  the  observing-book. 
Much  more,  too,  may  be  fairly  expected,  as  soon  as  the  Journal 
shall  have  commenced  its  operations.     The  "  esprit  du  corps"  will 
stimulate  many  a  one  who  sees  more  immediately  than  he  can  now 
see,  the  progress  and  the  nature  of  observation  ;  he  will  better  learn 
what  to  observe  and  how  to  observe  it.     This,  however,  is  yet  to 
come.     In  the  department  of  investigation  where  we  hope  to  record 
the  results  of  mental  application,  we  have  reason  to  expect  much. 
There  are  those  among  us,  and  we  ma}'-  well  be  proud  of  them,  who 
have  become  familiar  with  the  mysteries,  who  can  trace  the  operation 
of  Nature's  laws  far  beyond  the  point  where  many  falter,  and  it  is  to 
these  that  we  look  for  countenance  and  support.     May  we  not  hope 
that  they,  in  their  desire  to  communicate  new  truths  and  to  enlighten 
others,  will  cooperate  with  us  as  we  undertake  the  work  of  this  Jour- 
nal ?     We  are  assured  they  will.     And  moreover,  we  are  to  remem- 
ber tliat  our  plan  will  include  not  merely  astronomical  observations 
and  the  results  of  mental  labor  in  the  department  of  physical  astron- 
om3\     Whatever  tends  to  increase  our  knowledge  of  the  figure  or 
magnitude  of  the  earth — investigations    in  geodesy,  meteorology, 
and  kindred  branches — will  come  within  the  scope  of  the  Journal. 
But  let  us  suppose  the  paper  established,  and  see  if  we  can  fore- 
tell any  of  the  consequences.     One  tlnng  is  certain  ;  it  will  give  an 
impulse  to  the  science.     Emulation  will  be  excited  ;  an  emulation 
that  must  be  productive  of  some  good  result.     Tlie  rapid  diffusion 
of  information  will  tend  to  awaken  and  keep  alive  a  stronger  in- 
terest in  the  progress  of  astronomy,  and  we  doubt  not  that  from 
many  a  source  now  unknown  to  us,  matter  of  interest  will  come  in, 
that  many  a  one  who  is  now  debarred  from  the  knovvledge  of  what 
is  being  done  in  this  department  of  science  will  rejoice  thus  to  learn, 
and  ma}'^  perhaps  contribute  his  mite  to  the  furtherance  of  our  plan. 
But  there  is  another  inducement  for  us  noiv  to  commence  this 
■work.     As  the  astronomical  science  of  our  country  becomes  more 
and  more  developed,  and  assumes,  as  perhaps  it  will,  a  national 
character,  the  usefulness  of  the  Journal  we  contemplate  will  be- 
come more  and  more  apparent.     It  will  be  the  embodiment  as  it 
were  of  American  Astronomy.     We  wish  it  to  contain  in  its  suc- 
cessive volumes,  the  history  of  the  astronomy  of  our  country,  so 
that  every  thing  of  any  importance  in  this  department  which  tran- 
spires from  the  commencement  of  the  work,  shall    find  here   its 
place,  either  as  given  in  detail,  or  by  some  allusion  respecting  it. 
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And  what  better  time  than  the  present  shall  we  have  for  commenc- 
ing such  a  work?  Shall  we  wait  till  tlie  history  of  the  science — 
and  we  are  already  behindhand — shall  become  more  developed? 
Much  that  is  now  past  is  to  be  recalled  ;  shall  we  wait  till  we  can  no 
longer  trace  the  beginnings  of  the  history  ?  And  on  the  other  hand, 
shall  we  wait  for  the  accumulation  of  matter,  till  we  may  start  fuU- 
tledgcd  into  existence?  But  matter  will  never  accumulate  and  re- 
main unpublished  ;  as  it  now  increases,  it  will  flow  through  various 
channels,  and  he  who  would  study  tlie  history  of  astronomy  among 
us,  though  as  yet  tlie  task  would  be  by  no  means  impossible,  would 
at  length  become  more  and  more  perplexed,  and  would  lose  one 
great  advantage  which  our  present  plan  would  afford  him. 

We  must  not  wait  for  matter  to  crowd  upon  us  ;  we  ought  now  to 
commence,  and  we  are  willing  to  labor  hard  and  abide  by  the  result. 

Under  these  circumstances,  I  have  thought  it  advisable  to  present 
the  subject  in  this  manner  before  those  who  take  an  interest  in 
whatever  relates  to  the  progress  of  science  among  us.  I  have 
hastily  thrown  together  these  thoughts,  and  feeling  the  need  of  the 
countenance  and  cooperation  of  others,  have  ventured  thus' to  urge 
the  subject  before  them,  and  leave  it  with  them  to  say  whether  we 
shall  go  on  or  not. 

On  motion  of  Prof.  Peirce,  referred  to  the  following  select  Com- 
mittee : — 

Dr.  B.  A.  Gould,  Jr., Prof.  J.  S.Hubbard,  Prof.  JohnH.  C.  Cof- 
fin, Sears C.  Walker,  Esq., Prof.  Joseph  Henry,  Prof.  A.  D.Bache, 
Lieut.  M.  F.  Maury,  Lieut.  C.  H.  Davis,  Prof.  Benjamin  Peirce. 


On  an  American  Prime  Meridian.     By  Prof.  I.  F.  Holton. 

The  establishment  of  a  new  Prime  Meridian  affecting  all  the  charts, 
maps  and  gazetteers  published,  or  to  be  published,  in  any  countrj-, 
should  not  be  attempted  without  due  consideration.  For  a  long  time 
we  have  suffered  an  anno3'ance,  on  a  most  petty  scale,  from  a  foolish 
and  futile  attempt  to  reckon  American  longitude  from  some  unestab- 
lished  point  in  the  city  of  Washington,  not  because  it  was  the  site  of 
an  Observatory,  but  merely  because  it  was  our  National  Capital. 
The  abandonment  of  this  attempt  now,  just  when,  for  the  first  time, 
something  might  be  done  towards  establishing  it  on  a  more  rational 
basis,  evinces  a  clear-sighteduess  as  to  the  real  interests  and  honor  of 
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our  nation  from  which  we  ought  to  take  courage.  For  it  is  seen  and 
acknowledged  that  the  prime  meridian  is  no  honor  to  tlie  place  it 
passes  through  or  from  which  it  takes  its  name.  So,  too,  it  is  a  badge 
of  honor  rather  than  an  honor  in  itself  to  the  people  who  established 
it.  If  a  Prime  Meridian  be  established  for  convenience,  and  after- 
wards the  scientific  and  commercial  activit}''  of  the  people  make  it  a 
matter  of  importance  to  all  other  nations,  it  becomes  a  monument 
of  that  activity.  But  when  such  a  Meridian  is  established,  merely 
as  a  national  distinction,  it  becomes  a  work  of  vanit}^  for,  however 
we  ma}^  value  marks  of  distinction  when  fairly  earned,  no  one  counts 
it  honorable  to  strive  after  them. 

The  Prime  Meridian  of  Greenwich  is  a  badge  of  honor  to  us  ;  for 
we  were  in  our  fathers'  loins  when  they  established  it,  and  our  own 
commerce  and  science  have  aided  in  giving  it  its  importance.  It  is 
ours — as  is  King  Alfred  and  Shakspeare — and  while  we  hold  to  it, 
it  is  the  only  candidate  for  universal  adoption.  If  we  adhere  to  it' 
but  one  century  more,  it  will  remain  while  the  human  race  endures, 
the  sole  prime  meridian,  a  trophy-  of  the  superiority  of  the  Anglo- 
Saxon  race. 

But  it  is  now  proposed  to  abandon  it — to  reckon  the  longitude 
of  Wasliington  as  12°  oG'E.  instead  of  77°  4'  W.,  and  to  keep  this 
assumed  longitude,  even  should  we  at  length  discover  precisely  the 
width  of  the  Atlantic,  and  the  true  longitude  from  Greenwich,  It  is 
further  proposed  to  discover  some  point  exactly  12°  5G'  W.  of  Wash- 
ington, or  as  nearl^f  90°  W.  from  Greenwich  as  possible,  and  on  that 
point  to  establish — notanobservator}' — buta  geodetic  signal,  which 
"will  be  useful  for  reference  in  the  adjacent  country,  saving  labor 
and  time  in  fixing  longitudes  in  its  vicinity,  and  whose  foundation 
appears  to  be  peculiarly  proper  as  a  national  monument." 

Would  not  some  elevated  point  in  the  everlasting  hills  of  Missouri 
serve  better  for  a  landmark  of  longitude  than  any  that  could  possi- 
'bly  be  found  iu  the  alluvial  country  south  of  Wisconsin?  And 
might  not  the  field  of  New  Orleans  be  a  better  site  for  a  national 
monument  than  an  arbitrary  point  in  the  city? 

But  we  are  compelled  to  admit  the  necessity  of  a  fixed  point  from 
which  to  number  our  longitudes,  so  accurately  ascertained  among 
themselves,  rather  than  leave  them  individually  open  to  a  correction 
of  some  seconds.  There  ought  to  be  an  American  Prime  Meridian. 
Let  us  inquire,  then,  where  that  meridian.could  best  be  located.  Lieut. 
Davis's  paper  shows  conclusively  that  it  should  not  pass  through 
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Washington.  It  shows  also  that  wherever  it  must  fall,  it  snbjects 
both  sea  and  land  to  serious  inconveniences.  It  is  even  an  evil  to 
the  continent  on  which  it  falls,  making  some  of  its  longitudes  East 
and  others  West.  Had  the  French  rested  content  with  reckoning 
Paris  as  20°  E.,  or  better  still,  at  30°  E.,  a  better  prime  meridian 
could  not  be  desired.  We  may  well  desire,  therefore,  to  avert  from 
the  turl)id  waters  of  Barataria  Bay  the  confusion  insepai'able  from 
a  prime  meridian.  No  countr}-,  city  or  people  can  derive  any 
advantage,  honorable  or  pecuniary,  from  this  unenviable  distinction, 
save  only  the  observatory  tlu'ough  which  it  may  pass,  and  which 
is  thereby  relieved  from  correcting  its  observations  for  difference 
of  longitude. 

If,  therefore,  an  American  prime  meridian  is  to  be  arbitrarily  as- 
sumed, let  it  pass  77°  4'  east  of  Washington.  In  this  way  it  will 
pass  through  the  town  of  Greenwich,  and  most  probably  through 
the  ver}'  observatory,  thougli  we  cannot  hope  that  it  will  coincide 
with  the  axis  of  the  Transit  instrument. 

-To  the  practical  navigator  the  American  meridian  will  then  be 
regarded  as  identical  with  that  of  Greenwich,  and  it  is  only  when 
we  speak  of  American  longitudes  with  the  highest  degree  of  accu- 
racy that  we  consider  the  two  as  differing  by  a  small  quantit}^  un- 
known both  in  amount  and  sign.  In  this  way  it  is  to  be  hoped 
that  every  real  advantage  of  a  new  prime  meridian  will  be  secured 
—  every  evil  incident  to  it  avoided — our  scientific  communit}^ 
saved  from  a  charge  of  national  vanity — our  long-cherished  claim 
to  the  meridian  of  Greenwich  preserved,  and  its  universality  placed 
beyond  all  future  coBtingencj*. 

Prof.  Holton's  paper  gave  rise  to  an  animated  and  protracted 
discussion,  in  which  Prof.-PEiucE,  Lieut.  Davis,  and  Lieut.  Maury 
took  part  in  favor  of  an  American  meridian,  and  Mr.  G.  P.  Bond, 
Prof.  LovERiNG,  and  Prof.  Johnson,  took  part  against  it. 

Dr.  Hare  expressed  his  hope  that  there  miglit  be  at  some  time 
a  universal  meridian. 

Lieuts.  Davis  and  Maury  explained  the  views  and  motives  of 
the  Secretary  of  the  Navy,  the  Hon.  W.  B.  Preston,  in  inviting 
the  opinions  of  tlie  mathematicians  and  astronomers  of  the  country 
upon  this  interesting  question. 
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SECTION  OF  CHEMISTRY,  MINERALOGY,  AND    METEOROLOGY. 

J.  H.  WuRTZ,  Esq.,  in  the  Chair. 

Investigation  OF  THE  Intestinal  Fat  of  a  large  Sea  Turtle. 
By  Dr.  Christian  Linck,  Assistant  in  tlie  Cambridge  Laboratory. 

A  PORTION  of  tlie  subcutaneous  tissue  of  tliis  animal  was  pre- 
sented to  me  b}^  Prof.  Agassiz,  witli  the  request  that  I  would  make 
an  investigation  of  the  nature  of  its  fat.  One  pound  of  the  sub- 
stance was  repeatedly  boiled  with  water,  which  yielded  from  its 
surface  seven  and  a  half  ounces  of  fat,  which  was  purified  by  fus- 
ing and  washing  it  with  water  several  times. 

This  fat  had  the  consistency  of  hog's  lard,  and  retained  the 
strong  fish-like  smell  that  emanates  from  all  parts  of  the  animal. 
The  color  was  a  light  brownish  yellow.  It  easily  saponified  with 
a  weak  ley  of  caustic  soda.  This 'soap  solution,  being  supersatu- 
rated with  sulphuric  acid,  was  transferred  into  a  glass  retort,  and 
two-thirds  of  the  liquid  distilled' off.  The  distilled  liquid  had  the 
same  odor  as  the  distillate  obtained  from  butter  under  analogous 
conditions.  This  liquid  mixed  with  a  quantity  of  baiyta  water, 
deposited  during  evaporation  white  flakes  of  the  same  appearance 
as  the  capiylate  and  capronate  of  baryta  obtained  in  a  similar  way 
from  butter.  The  quantity  is  apparently  so  small  as  not  to  admit 
of  the  isolation  of  the  acid  from  it  in  the  oily  state. 

Four  ounces  of  the  same  fat  were  saponified,  and  treated  as  be- 
fore ;  to  the  distillate  a  quantity  of  soda  was  added,  and  the  whole 
evaporated  to  two  ounces  ;  this  was  supersaturated  with  sulphuric 
acid  and  one  and  a  half  ounces  of  liquid  distilled  over.  This  gave 
a  decided  butyric  smell  and  reddened  litmus  paper  strongly,  a  re- 
action destroyed,  however,  by  the  addition  of  a  few  drops  of  soda 
solution,  indicating  tlie  quantity  of  volatile  acid  to  be  very  small. 
Gottlieb  has  found  precisely  the  same  results  in  the  fat  of  geese. 
The  fat  acids  remaining  on  the  surface  of  the  decomposed  soap 
liquor  were  collected,  and  treated  repeatedl}'  in  the  same  manner  as 
the  original  fat  had  been,  in  order  to  ascertain  whether  the  forma- 
tion of  the  volatile  fat  acids  might  not  be  owing  to  the  reaction  of 
the  caustic  alkali  on  one  of  the  main  constituents  of  the  fat. 

The  distillate  still  possessed  the  smell  of  butyric  acid,  but  less  and 
less  after  each  succeedingoperation,  so  that  mostprobably  the  volatile 
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acids  were  formed  only  during  the  first  saponification,  and  in 
the  succeeding  operations,  tliose  parts  only  which  adhered  niechan- 
icall}^  to  the  fat,  after  distillation,  were  given  off.  The  fish}^  smell 
of  the  fat  seems  to  have  no  connection  with  the  nature  of  the  vola- 
tile fat  acids,  and  the  substance  on  which  it  depends  exists  per- 
haps in  no  greater  quantity  than  the  odoriferous  principles  of  many 
flowers,  which  have  not  j'et  been  isolated. 

The  fat  exposed  to  the  dry  distillation  until  two-thirds  had  gone 
over,  yielded  a  soft  distillate,  lighter  colored  than  the  original  fat, 
from  which  emanated  the  strong  and  repugnant  odor  of  acrolein, 
the  common  product  of  decomposition  of  glyceryl,  the  base  which 
combined  with  fat  acids  constitutes  animal  fats. 

This  product  of  distillation  was  boiled  with  water  for  some  time, 
then  filtered  through  a  wet  filter  and  set  aside.  After  twelve  hours 
there  were  deposited  crj'stalline  flakes  with  the  appearance  of  se- 
bacic  acid — the  principal  product  of  drj'  distillation  of  oleic  acid. 

A  quantity  of  the  original  fat  was  saponified  with  oxide  of  lead, 
and  the  lead  plaster  digested  with  ether.  Nearly  the  whole  of  the 
plaster  proved  soluble  in  this  menstruum,  showing  the  presence  of 
a  large  quantity  of  oleic  acid,  the  only  fat  acid  whose  leadsoap  is 
soluble  in  ether.  The  oleic  acid  was  prepared  from  that  soap  by  de- 
composition of  it  with  sulphuric  acid.  It  presented  the  appearance 
of  a  brown  oil,  possessing  the  physical  properties  of  crude  oleic 
acid.     It  slightly  coagulated  when  cooled  with  ice. 

It  remained  now  to  search  for  the  fixed,  solid  fat  acids.  Different 
methods  were  pursued,  but  the  following  proved  the  most  satisfac- 
tory :  The  mixture  of  fat  acids  obtained  by  decomposition  of  the 
original  soap  was  dissolved  in  boiling  alcohol  and  set  aside  for  crys- 
tallization, the  mother-liquor  separated  by  a  filter,  and  the  needles 
which  remained  purified  by  verj''  oft-repeated  re-crystallizations,  so 
that  at  last  their  point  of  fusion  did  not  rise  an}^  higher,  but  remained 
stationary  at  60°  C.  The  product  in  such  state  of  purity  had  com- 
pletely the  appearance  of  h3^drated  margaric  acid,  with  which  it  also 
corresponded  in  its  point  of  fusion.  In  this  very  tedious  manner,  and 
with  a  great  loss  of  substance  in  the  mother-liquors,  a  quantity  of 
the  acid  was  obtained  sufficient  for  analysis.  The  soap  separated 
by  chloride  of  sodium,  redissolved  in  water,  and  separated  again 
by  sulphate  of  soda,  etc.  Part  of  it  was  saponified  with  soda  ;  thus 
a  pure  soda  soap  was  obtained,  and  from  it  by  double  decomposi- 
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tion  with  nitrate  of  silver,  an  insoluble  silver-salt  was  prepared  in 
the  usual  manner  for  preparing  these  compounds. 

Of  this  silver  salt  0.4795  grms.  was  ignited,  until  all  organic 
matter  was  destroyed,  0.1360  grms. =28. 36  per  cent  of  pure  me- 
tallic silver,  remained  behind. 

Varrentrapp  obtained  from  pure  margarate  of  silver,  28.20  percent 
of  silver,  which  agrees  very  well  with  the  result  which  I  have  obtained. 

By  a  combustion  with  chromate  of  lead,  0.3241  grms.  substance 
3'ielded  :  Carbonic  acid  rr  0.8955  grms.,  and  wajter  0.361  grms., 
which  makes  the  composition  of  the  substance  ;  Carbon  75.35  per 
cent.  ;  hydrogen  12.37  per  cent.  ;  oxygen  12.28  per  cent. 

Varrentrapp's  and  Sac's  anal3'ses  vary  between  75.30  and  75.85 
per  cent  carbon,  and  12.22  and  12.69  per  cent  hydrogen.  These 
analyses  prove  that  the  solid  acid  in  the  fat  operated  upon,  is  iden- 
tical with  margaric  acid.  The  fat  could  not  contain  any  stearic 
acid,  because  if  so,  this  would  have  accompanied  the  margaric  acid 
throughout  the  process  of  its  preparation,  and  would  have  raised 
its  point  of  fusion  above  60°  C. 

The  soap  which  the  original  fat  forms  with  soda,  has  a  yellow  tinge, 
which  can  be  removed  mostly  when  the  soap  is  separated  by  salt  out 
of  a  strongly  alkaline  solution.  The  alkaline  mother  liquors  are 
then  of  a  deep  brown  color,  and  on  super-saturation  with  an  acid, 
deposit  a  small  quantity  of  a  brown  sticky  precipitate,  which  is 
soluble  in  alkali  or  in  alcohol,  and  seems  to  consist  of  fat 
surcharged  with  coloring  matter. 

As  the  result  of  this  investigation,  it  appears  that  the  fat  under 
examination  consists  of  margarate  and  oleate  of  glycirin  and  a 
small  quantity  of  the  volatile  acids  of  butter  ;  it  contains  no  stearic 
acid  and  shows  great  analogy  with  the  fat  of  geese. 


On  AN  Instrument  for  Determining  the  Variation  and  Dura- 
tion OF  Winds.  By  Prof.  James  H.  Coffin. 
The  Report  of  the  Regents  of  the  University  of  the  State  of  New 
York,  for  the  year  1839,  contains  a  description  of  an  instrument  that 
I  formerly  used  to  measure  the  duration  of  winds  from  the  several 
points  of  compass.  A  vane  was  attached  to  the  top  of  a  perpendi- 
cular sliaft,  and  at  the  bottom  of  the  shaft  a  funnel-shaped  tube  was 
fastened  pointing  obliquely  downward,  so  that  as  the  shaft  revolved 
by  the  action  of  the  wind  on  the  vane,  the  smaller  orifice  of  the  tube 
would  describe  a  horizontal  circle.     A  small  stream  of  sand,  gauged 
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in  the  same  manner  as  in  an  hour  glass,  was  constantly  running 
into  the  tube  at  the  upper  orifice,  and  thence  descending  to  the 
lower  orifice,  was  distributed  into  different  boxes  (thirty-two  in 
number),  according  to  the  direction  of  the  wind.  The  quantity  of 
sand  collected  in  each  box  showed  precisely  the  length  of  time  that 
the  wind  had  blown  from  the  corresponding  point  of  compass. 

The  foregoing  instrument,  which  I  used  about  a  year  and  a  half, 
answered  a  ver}-  good  purpose,  but  there  were  two  defects  in  it.  1st. 
While  it  recorded  the  duration  of  the  several  winds  with  great  mi- 
nuteness, it  failed  to  inform  me  at  tvhat  hour  and  minute  they  oc- 
curred, a  point  of  considerable  importance  in  connection  with  the 
study  of  storms,  and  several  other  meteorological  phenomena.  2d. 
It  required  attention  twice  a  day  to  replace  the  sand. 

With  a  view  to  remed}^  these  defects  I  modified  the  instrument,  by 
substituting  for  the  stream  of  sand  a  row  of  minute  cards,  arranged 
at  regular  intervals  upon  a  movable  band  or  apron,  each  card  having 
printed  upon  its  face  the  number  of  the  day  and  hour  upon  which 
it  made  the  record.  The  motion  of  the  band  or  apron  was  regulated 
by  a  clock,  in  the  same  manner  as  in  the  animometer  of  Osier. 

As  thus  modified,  it  seems  to  me  to  })ossess  the  following  advan- 
tages over  that  instrument :  1st.  It  operates  with  more  certainty, 
and  as  cords  cannot  fail  to  make  their  recoi'ds  at  the  proper  time, 
whereas  apenciV  is  liable  to  get  out  of  order.  2nd.  Its  records  are 
more  definite,  dividing  the  winds  into  thirty-two  distinct  classes  or  a 
greater  number  if  desired.  3d.  It  requires  attention  less  frequently. 
There  is  no  difficulty  in  making  it  keep  an  hourl}'^  record  for  months 
together  without  care.  4th.  It  not  only  shows  the  direction  of  the 
wind  on  any  given  (Xay  and  hour,  as  is  done  by  Osier's,  but  it  alsojsre- 
paresits  own  abstracts,  by  collecting  the  records  for  each  point  of  com- 
pass into  a  separate  box,  thus  saving  much  labor  in  reducing  them. 

By  the  motion  of  the  apron  the  cards  are  carried  forward  so  that 
at  the  end  of  each  hour  one  arrives  at  the  roller  E  (see  Fig.)  and 
falls  off  into  some  one  of  the  boxes  below,  the  particular  box  being 
determined  by  the  direction  of  the  wind  at  the  time.  As  each  card 
shows  upon  its  face  the  day  and  hour  upon  which  it  fell,  the  record 
is  complete.  For  example,  suppose  that  on  examining  the  boxes 
at  the  end  of  the  month  of  July,  the  cards  which  I  enclose  were 
found  in  the  box  labelled  "South."  It  would  show  that  there  was 
a  south  wind  on  the  3d  day,  18th  and  20th  hours  ;  on  the  18th  day, 
12th  hour  ;  on  the  22d  day,  24th  hour,  etc. 
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In  an  instrument  of  this  kind  that  I  set  up  at  an  observatory  on 
the  summit  of  Saddle  Mountain,  near  Williams  College,  and  which 
was  designed  to  run  four  months  without  care,  during  the  colder 
part  of  the  year,  when  the  mountain  is  inaccessible,  the  apron  was 
necessaril}'  too  long  to  pass  around  the  rollers  in  the  manner  rep- 
resented in  the  figure,  and  it  was  therefore  wound  upon  drums. 
But  when  the  records  can  be  transcribed  as  often  as  once  a  week, 
the  form  given  in  the  figure  is  preferable. 

I  may  remark  farther,  that  the  force  of  the  wind  may  be  reg- 
istered in  the  same  way,  by  means  of  an  additional  row  of  cards 
placed  upon  the  apron. 


Seventh  Day,  August  21,  1849. 
SECTION  OF  NATURAL  HISTORY,  ZOOLOGY,  etc. 

On  THE  Structure  and  Homologies  of  Radiated  Animals, 
WITH  Reference  to  the  Systematic  Position  of  the  Hydroid 
Polypi.     By  Prof.  Louis  Agassiz. 

The  importance  of  the  study  of  homologies  has  been  fully  exem- 
plified by  the  results  obtained  from  a  thorough  comparison  of  the 
different  classes  of  vertebrated  animals.  A  deep  insight  into  their 
structure  has  been  gained  since  we  knew  that  their  different  parts, 
as  fins,  wings,  and  legs,  are  only  modifications  of  the  same  organs, 
undergoing  different  developments  in  the  different  classes.  The 
homologies  of  the  skeleton  have  been  particularly  investigated,  and 
those  familiar  with  these  researches  know  that  they  have  led  to  a 
thorough  understanding  of  the  tj-pical  peculiarities  of  this  system 
of  hard  parts. 

Less  extensive,  though  not  less  valuable,  investigations  have 
been  made  upon  the  muscular  as  well  as  upon  the  nervous  s^'Stem, 
with  equally  valuable  results. 

Besides  the  more  accurate  knowledge  of  organs  thus  obtained, 
another  important  conclusion  has  been  derived  from  these  studies. 
It  has  been  shown  that  the  functions  of  certain  parts  cannot  al- 
together be  relied  upon  in  order  to  ascertain  their  true  nature.  For 
instance,  it  was  a  mistake  to  identify  the  lungs  and  gills  among  Fer- 
tebrata,  and  to  compare  the  aerial  respiratory  organs  of  mammalia, 
birds,  and  reptiles,  with  the  gills  of  fishes,  since  there  are  reptiles  in 
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which  we  find  both  kinds  of  apparatus,  existing  simultaneously 
throughout  life,  and  performing  at  the  same  time  the  same  functions. 
This  shows  tliat  in  the  investigation  of  the  structure  of  animals, 
we  should  distinguish  between  homologies  and  analogies,  just  as 
well  as  we  distinguish  between  affinities  and  analogies,  where  we 
investigate  the  natural  relations  between  animals. 

The  whales  have  no  al|iaity  w^ith  fislies  be\^ond  the  general  one 
which  exists  between  all  Vertebrata,  but  they  are  analogous  to  the 
fishes  in  their  general  form,  and  by  the  fact  that  they  inhabit  the 
same  element. 

The  bats  are  analogous  to  birds  in  being  provided  with  wings  to 
fly  through  tlie  air,  but  they  do  not  belong  to  the  same  class  ;  their 
nearest  relation  is  with  the  mammalia. 

In  the  same  manner  should  we  distinguish  between  the  different 
kinds  of  apparatus  which  perform  various  functions,  as  I  have  al- 
ready pointed  out,  in  mentioning  the  gills  and  lungs.  But  at  the 
same  time,  it  is  important  to  ascertain  the  structural  relation,  or 
the  homology  which  exists  between  kinds  of  apparatus  performing 
different  functions.  As  for  instance,  the  legs  of  quadrupeds,  the 
pectoral  and  ventral  fins  of  fishes,  and  the  wings  and  legs  of  birds, 
which  are  trul}'  homologous,  while  their  lungs  and  gills  are  only 
analogous  to  each  other. 

This  first  general  result  will  presently  lead  to  another  veiy  im- 
portant investigation.  It  is  a  matter  of  great  interest  to  naturalists, 
to  ascertain  how  far  the  parts  which  perform  similar  functions  in 
the  different  great  groups  of  the  animal  kingdom,  are  homologous 
to  each  other,  and  how  far  they  are  simpl}'  analogous.  Is  it  true, 
for  instance,  that  the  legs  of  insects,  crabs,  lobsters,  and  worms, 
correspond  trul}'^  to  the  parts  which  we  designate  by  the  same  names 
among  vertebrates?  Are  the  wings  of  insects  identical  in  structure 
with  the  wings  of  birds  ?  Or,  are  these  parts  onl}^  analogous  ?  Can 
the  respiratory  apparatus  in  Articulata,  their  gills  and  tracheae, 
their  various  air  sacs,  be  compared  to  the  gills  and  lungs  of  verte- 
brates? Is  the  heart  of  Crustacea  the  dorsal  vessel  of  insects? 
Are  the  vesicular  sacs  of  worms  really'  hearts  in  the  same  sense 
as  we  distinguish  a  heart  in  vertebrates? 

Again,  are  the  gills  and  lungs  o(  Mollusca,  their  various  appara- 
tus of  locomotion,  identical  with  the  similar  parts  in  Vertehrata 
!xnd  Articulata?  And  can  we  trace. correctly  such  a  comparison 
among  liadiata  ? 

This  is  the  question  which  I  propose  to  answer  in  this  investigation 
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upon  the  Homologies  of  Radiated  Animals.  Before  proceeding  to  the 
illustration  of  their  structure  in  the  details  which  I  hope  will  show 
that  such  an  homology  as  our  present  nomenclature  in  Zoology 
would  lead  to  infer,  cannot  at  all  be  sustained  upon  any  i)hilosophical 
principles  ;  let  me  first  show  that  even  the  general  form  of  the  animals 
belonging  to  the  different  great  types  of  the  animal  kingdom  does 
not  agree,  and  that  it  is  neither  correct  nor  advantageous  to  the 
progress  of  science  to  use  similar  expressions  to  designate  their  va- 
vious  parts  as  has  been  usual  among  naturalists,  ever  since  compar- 
ative anatomy  aimed  at  illustrating  the  peculiar  structure  in  all  the 
classes  of  the  animal  kingdom.  Radiata  are  animals  whose  prom- 
inent character  rests  in  the  peculiar  outline  of  their  body,  as  well  as 
the  peculiar  relative  position  of  their  parts.  Whatever  may  be  the 
modifications  which  they  present  in  different  classes  and  families, 
the}^  can  all  be  reduced  to  a  t3'pical  form,  best  expressed  by  a  star, 
or  a  circle,  with  an  internal  radiated  arrangement  of  the  parts.  And 
all  animals,  whose  structure  cannot  be  reduced  to  such  a  diagram, 
must  be  removed  from  this  great  group. 

That  intestinal  worms  do  not  truly  belong  to  the  type  o?  Radiata, 
as  Cuvier  admitted,  has  been  satisfactorily  shown  by  the  investiga- 
tions of  all  those  naturalists  who  have  studied  the  subject  more 
recently.  That  Infasoria  again  do  not  constitute  a  natural  group  is 
best  exemplified  by  a  comparison  of  the  different  families  which 
have  been  combined  under  that  name. 

The  Rotifera,  for  instance,  can  plainly  be  shown  to  belong  to  the 
class  of  Crustacea,  as  the  closest  homology  can  be  traced  between 
them  and  the  Malacostraca.  I  have  recently  shown  that  a  great 
many  of  the  Polygastvica  are  simply  larval  forms  of  different  worms, 
especially  those  of  the  type  o^  Parammcea;  whilst  others,  such  as 
the  Vorticellce,  truly  belong  to  the  Bryozoa,  and  are  therefore  true 
3follusca,  and  a  great  many  others,  especially  the  Polygastvica 
anentera,  are  truly  vegetables. 

But  even  after  removing  these  classes  from  among  Radiata,  we 
find  several  groups  left  in  the  class  of  Polypi  which  are  neither  true 
Polypi  nor  really  Radiata.  Such  are,  for  instance,  Foraminifera, 
which  I  have  recently  ascertained  to  be  the  strongest  resemblance 
to  the  embrj'onic  forms  of  Gasteropoda,  and  to  be  therefore  a  low 
form  of  gasteropodian  mollusks,  whilst  the  Bryozoa  constitute  a 
natural  group,  closely  allied  to  the  tunicated  mollusks,  and  there- 
fore belong  to  the  class  of  AcepJiala. 
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Again,  the  so-called  Hydroid  Polypi^  do  not,  in  my  opinion,  belong 
to  the  class  of  the  Polypi^  but  should  constitute  a  special  family 
among  Medusae^  to  which  they  bear  the  same  relations  as  the  Crin- 
oides,  with  their  stems,  bear  to  the  free-moving  starfishes.  But  in 
order  to  show  that  these  views  are  strictly  correct,  it  is  necessary 
for  me  to  illustrate  first  the  homologies  o^  Eadiata  in  general,  as 
well  as  the  organic  characters  of  their  different  classes.  While  it 
will  be  obvious  that  the  presence  or  absence  of  a  stem  is  no  more  a 
peculiar  character  of  Polypi,  than  of  any  other  classes,  as  we  have 
free  Polypi  among  the  Actinice  and  fixed  Echinoderms  among  the 
Crinoids,  and  there  is  no  reason  why  there  should  not  be  also  fixed 
Medusce,  provided  their  true  structure  agrees  more  closel}^  Avith 
that  of  the  true  free  Medus(je,  than  with  that  of  Polypi. 

The  relation  of  Hydroid  Polypi  to  3Iedtisai  has  alread}^  been  al- 
luded to  by  me  in  my  lectures  on  Comparative  Embryology,  but  I 
hope  here  to  show  more  fully  that  this  view  is  sustained  by  the 
closest  investigation  of  their  special  homologies. 

Echinoderms,  J/ecZ?(sce,  and  PoZz/^9i,  restricted  as  above  mentioned, 
constitute,  in  my  opinion,  the  only  true  representatives  of  the  t3-pe 
of  Badiata,  and  form  in  this  limited  connection,  a  most  natural 
group  in  the  animal  kingdom,  which  agree  entirely  in  their  radiated 
structure,  and  differ  only  in  the  manner  in  which  the  structure  is 
developed  in  the  different  classes. 

In  Polypi,  the  body  constitutes  a  simple  sac  with  internal  radi- 
ated partitions  and  a  central  aperture  at  one  extremity  surrounded 
by  fringes  and  communicating  with  an  inner  sac  which  itself 
empties  into  the  main  cavity  of  the  body. 

In  Jfedasce,  the  main  cavity  of  the  body  is  not  subdivided,  but 
limited  b}'  a  large  development  of  the  substance  of  thin  wall,  and 
from  this  central  cavity  arises  a  system  of  tubes  which  divide  in  a 
radiated  arrangement  into  that  substance.  The  mass  itself  projects 
more  or  less  in  the  form  of  an  umbrella  or  of  lobes  with  various 
fringes  around  their  margin;  whilst  the  mouth  projects  from  the 
centre  surrounded  by  various  loose  appendages,  or  in  the  form  of 
a  proboscis  arising  from  a  more  intimate  connection  of  the  same 
parts  which  in  others  constitute  the  appendages  of  the  mouth. 

Compared  with  the  Polypi,  therefore,  the  Medusoe  present  this 
peculiar  difference, that  their  mouth  is  prominent, more  or  less  tubular, 
and  provided  with  a  peculiar  fringed  apparatus,  whilst  \n  Polypi  it  is 
in  one  level  with  the  walls  of  the  body,  and  simply  folded  at  its  open- 
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ing.  So  tliat,  if  an}'  comparison  can  be  instituted  between  them,  we 
shall  only  trace  an  homology  between  those  folds  and  the  appendages 
of  the  mouth  in  3Iedusce,  and  not  between  those  and  the  tentacles  of 
Polypi.  On  the  contrarj',  the  tentacles  of  the  Polypi  are  homologous 
to  the  fringes,  or  various  appendages  which  hang  from  the  margin  of 
the  disk  of  true  Meduste.  On  the  other  hand,  in  Polypi  the  internal 
cavity  is  divided  into  two  distinct  spaces,  one  circumscribed  with 
peculiar  walls,  and  forming  a  kind  of  stomach,  and  the  other  below 
formed  simply  bj'  the  external  walls  of  the  animal  itself,  from  which 
arise  partitions  which  subdivide  partly  this  lower  cavity  into  open 
cells,  communicating  above  with  the  cavity  of  the  tentacles,  which 
correspond  in  number  to  the  number  of  the  partitions. 

In  the  Medusae^  on  the  contrarj^  the  main  mass  of  the  bod}'  is 
solid,  and  traversed  by  a  regular  system  of  radiating  tubes,  commu- 
nicating at  the  periphery  with  a  circular  tube  extending  all  round 
the  mai-gin  of  their  disk.  And  the  cavity  ofthe  stomach  communicates 
with  this  system  of  tubes  by  a  few  openings,  and  not  by  a  single 
large  central  one  as  in  Polypi.  Notwithstanding  the  fundamental 
difference  which  this  arrangement  introduces  between  these  two  class- 
es, it  cannot  be  overlooked  that  the  system  of  tubes  of  Medusm 
is  homologous  to  the  partitions  ot  Polypi,  but  constitute  a  lower  con- 
dition of  a  similar  apparatus,  as  in  Medaste  the  tubes  are  regularly 
ramified,  and  again  combined  by  a  circular  canal,  whilst  in  Polypi 
all  the  partitions  communicate  freely  with  each  other  in  a  central 
general  cavity,  and  open  freely  into  the  tentacles,  and  even  through 
the  tentacles  with  the  surrounding  medium. 

Moreover  the  sexual  apparatus  of  Polypi  consists  in  bunches  of 
eggs,  or  in  spermatic  chords  attached  below  the  stomach  to  the  free 
margins  at  the  partitions  in  the  main  cavity  of  the  body,  whilst  in 
MeduscB,  especially  in  those  which  resemble  nearest  the  Hydroid 
Polypi,  the  sexual  apparatus  forms  bunches  of  eggs  or  of  spermaria 
between  the  outer  circle  of  tentacles  and  the  fringes  surrounding  the 
mouth — sometimes  more  closely  connected  with  the  disk  itself, — 
sometimes  adhering  with  the  outer  surface  of  the  proboscis.  And 
now  in  Hydroid  Polypi,  especially  in  Tubularice,  the  bunches  of 
eggs  hang  from  the  base  of  the  external  surface  of  the  proboscis 
within  the  circle  of  tentacles  which  surround  the  main  mass  of  the 
body  ;  an  homology  which  establishes  the  closest  relation  between 
true  MedascG  and  Hydroid  Polypi.  Indeed,  it  can  now  be  said  that 
the  so-called  Hydroid  Polypi  are  true  }fedusce,  resting  upon  strings, 
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and  not  merely    polyp-like  animals   producing  alternate  genera- 
tions of  various  free  Medusce. 

The  intimate  connection  wliicli  exists  between  Hydroid  Polypi  and 
Mednsdi,  which  has  been  so  beautifully  established  by  the  investi- 
gations of  Sars,  Steenstrup,  Siebold,  Loren,  Du  Jardin,  Sir  John 
Dal^'ell,  and  others,  might  have  been  ascertained  long  ago,  merely 
upon  homological  evidence,  if  the  fact  of  their  resting  upon  a  stem 
had  not  constantly  misled  o))servers  to  consider  them  as  Polypi. 

The  conclusion  of  tliese  remarks  allows  me  therefore  to  state, 
most  decidedly,  that  Hydroid  Polypi  are  true  Medusce,  resting  up- 
on stems.  The  homologies  thus  traced  have  led  to  some  other  dis- 
coveries of  minor  importance. 

Thus,  the  position  of  the  ej-e  specks  around  the  margin  of  true 
Medusce  between  their  tentacles,  pointed  to  the  place  where  similar 
organs  should  be  searched  for  among  other  Rndiata.  They  were 
accordingly  discovered  between  the  tentacles  of  Lucernaria,  in  a  po- 
sition identical  with  that  which  they  maintain  in  Aurelia.  This  fact 
■will  show  once  more  how  many  material  additions  to  our  knowledge 
of  the  structure  in  the  details  of  animals,  may  be  obtained  b}-  trac- 
ing their  more  general  relations.  It  is  somewhat  more  difficult  to 
trace  thehomologies  between  EcJdnoderms,am\  Medusce  and  Polypi, 
as  the  first  of  these  classes  is  so  much  more  complicated  in  its  struc- 
ture than  the  two  others.  However  if  we  consider  onlj'  the  general  re- 
lations of  their  organs,  we  shall  experience  no  difficult}'  in  comparing 
them. 

In  the  first  place,  the  external  wall  of  the  body  in  Echinoderms 
assumes  ahighly  complicated  structure,  by  the  pecidiar  development 
of  isolated  calcareous  plates,  arranged  in  a  most  admirable  sym- 
metrical order,  and  affording  by  their  combinations  a  solid  support, 
and  points  of  attachment  for  most  of  their  organs. 

But  however  complicated  these  walls  may  be,  and  I  need  onl}'  refer 
to  the  w'orks  on  Comparative  Anatoni}' for  the  details,  it  is  obvious  that 
these  walls  which  enclose  the  general  cavit}'^  of  the  body  correspond 
to  the  gelatinous  mass  of  3fedusce  and  to  the  membranous  walls  of 
Polypi  with  their  solid  parts.  The  mouth,  which  is  soft  in  the  other 
classes,  is  here  frequently  surrounded  by  solid  parts  and  even  by  a 
complicated  system  of  jaws  and  teeth,  surrounded  b}'  simple  fleshy  lip. 

The  isolated  fringes  on  the  margin  of  Polypi  and  Medusce  are 
transformed  liere  into  complicated  gills,  protruded  between  the  solid 
covering,  and  the  membranous  covering  of  the  mouth  ;  and  these 
gills  are  truly  homologous  to  the  tentacles  of  Polypi  and  Medusce; 
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we  need  only  remember  the  fringed  tentacles  of  some  of  the  Actinke 
to  be  satisfied  of  their  identity'.  The  inner  gills  with  their  ambn- 
lacral  pedicelli  are  foreshadowed  in  Polypi  in  the  minute  vertical 
rows  of  pores,  which  are  observed  on  the  outer  surface  of  the  ^Ic- 
fmice,  between  the  partitions.  Similar  openings  reappear,  never- 
theless in  Echinoderms,  in  the  form  of  a  peculiar  S3^stem  of  water- 
pores.^  The  greatest  progress  in  the  complication  of  structure  in 
this  class,  however,  is  sliown  in  the  development  of  the  digestive 
system  and  its  appendages,  which  constitutes  here  a  regular  ali- 
mentary canal,  with  various  divisions  generally  accompanied  with 
a  complicated  system  of  blood  vessels.  The  sexual  organs  also  orow 
more  independent,  constituting  a  distinct  system  with  special  open- 
ings, and  indeed  the  prominent  structure  of  Echitioderms  may  be 
said  to  consist  in  the  localization  of  the  different  apparatus  upon 
some  few  of  their  rays,  whilst  there  are  as  many  radiating  struc- 
tural appendages  as  there  are  rays  in  the  lower  types. 

In  Polypi  the  number  of  tentacles  is  sometimes  verv  great.  In 
Echinoderms  there  are  only  five  bunches  of  gill-like  fringes.  The 
ovaries  are  nearly  as  numerous  in  Polypi  as  the  inner  partitions  ;  in 
Echinoderms  there  are  only  five,  sometimes  only  four,  and  even 
only  two  ovaries.  In  Polypi  the  cavity  in  which  the  nutritive  fluid 
moves  is  subdivided  by  partitions  into  many  open  cells.  In  Echin- 
oderms the  homologous  system  constitutes  a  cylindrical  simple 
tube,  or  sac,  which  branches  only  in  the  lower  forms  of  that  class, 
as  in  the  starfishes,  where  numerous  liver-like  appendages  are  also 
attached. 

The  circulating  system  in  Polypi  is  directly  connected  with  the 
alimentary  sac,  whilst  in  Medusce  it  is  more  closed  in  itself,  espe- 
cially in  the  Ctenophora,  and  in  Echinoderm,s  the  distinction  is  car- 
ried out  still  further. 

The  nervous  system  where  it  is  well  developed  in  these  animals, 
forms  a  ring  around  the  entrance  of  the  alimentary  canal  with  radia- 
ting threads  to  the  different  rays  terminating  at  the  eye  specks. 

Among  Medusce,  the  nervous  ring  presents  a  similar  arrangement, 
though  this  system  is  less  distinct  in  its  substance,  a  circumstance 
which  leads  me  to  suppose  that  our  efforts  to  discover  a  peculiar 
nervous  S3'stem  in  Polypi  may  be  altogether  vain,  as  it  is  possible 

'See  my  paper  in  Coniptes  rendus,  1817. 
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that  their  sensitive  faculties  are  concentrated  in  these  animals 
in  a  particular  set  of  cells  wilhont  peculiar  distinct  connection. 
From  the  comparison  traced  above,  it  must  be  plain  that  the  three 
classes  o^  BacUata,  restricted  as  they  are  here,  constitute  a  natural 
well  defined  group  in  the  animal  kingdom,  and  that  the  separation 
of  the  Ecldnoderms,  as  one  great  type  of  the  animal  kingdom,  equiv- 
alent to  that  o^  Mollusca  or  Vertebrata^  as  Dr.  R.  Leuckart^  would 
have  them,  rests  upon  an  exaggerated  estimation  of  their  peculiari- 
ties, Tliere  is,  however,  one  more  general  question  to  examine  re- 
specting the  relations  of  this  great  type  to  the  other  main  groups 
of  the  animal  kingdom,  namely,  the  Molhisca,  the  Articulata,  and 
the  Vertebrata .  Can  the  walls  oi Ecliinoderms^  Medusoe ,  and  Polypi^ 
as  they  surround  the  body  in  their  various  complications  be  com- 
pared with  the  walls  forming  the  main  body  in  Mollusca^  Articidata, 
and  Vertebrata  ?  Certainly  not  beyond  the  general  fact,  that  they 
arise  in  a  similar  manner  from  the  substance  of  the  egg,  but  in  their 
special  adaptation  there  is  a  complete  difference. 

In  the  liadiata  we  have  no  right  and  left,  no  above  and  below, 
no  anterior  and  posterior  region.  The  body  is  a  mere  sac,  either 
witli  membranous,  or  gelatinous, or  diversified  walls;  it  is  a  mere 
sac  or  sphere.  Their  solid  parts  where  they  exist,  agree,  neither 
with  the  shells  of  MoUiisca,  nor  with  the  solid  joints  of-  Articulata, 
nor  with  the  skeleton  of  Vertebrata. 

Again,  their  alimentary  apparatus  even  where  it  forms  a  tube, 
has  neither  the  same  relation  to  the  respiratory  apparatus,  or  the 
system  through  which  the  fluids  are  circulated  ;  nor  does  it  stand 
in  the  body  in  the  same  general  connection  with  its  main  cavity. 
The  fringes  around  the  mouth,  or  around  the  disk,  as  well  as  the 
so-called  gills  of  Ecliinoderms  are  not  gills  with  tiie  same  connec- 
tion with  the  circulatory  system  as  in  other  animals.  They  are 
either  directly' connected  with  the  main  cavity  of  the  body,  or  their 
peculiar  openings  with  the  surrounding  media.  The  same  may  be 
said  of  the  nervous  system,  of  the  sexual  apparatus,  etc.,  etc.,  so 
that  the  designation  of  these  systems  by  the  same  means  as  we  era- 
ploy  for  other  classes,  sliould  be  only  used  with  the  distinct  under- 
standing, that  they  relate  to  analogous  systems,  but  that  no  special 
homologies  can  be  had  between  them. 

iMorphologie  dev  Wirbellosen  Thieve,  1818, 
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On  some  plants  of  the  Order  Composite  from  the  Sandwich 
Islands.     Br  Prof.  Gray. 

Prof.  Gray  made  a  brief  commuincation  on  some  charactei-istic 
plants,  of  the  order  Compositce'mthe  Sandwich  Islande,  namely,  on 
Argyroxiphium  Sandiokense  DC,  of  the  island  of  Hawaii,  and  A. 
macrocephalmn,  a  new  species,  gathered  b}^  the  naturalists  of  the 
ExploringExpedition  under  Capt.  Wilkes,  and  which  represents  this 
remarkable  genus  on  the  island  of  Maui.  He  referred  this  character- 
istic genus  to  the  division  MacUece,  which  is  so  largel}'  represented  in 
California,  and  is  entirely  restricted  to  the  Pacific  border  of  the 
American  continent,  reaching  from  Oregon  to  Chili.  He  remarked 
that  the  new  species  differed  from  the  original  ^. /StmcZioice^ise  just 
as  the  California  Lasthenia  glabrata  does  from  L.  Californica,  as 
Bur  rieliachry  so  stoma,  Ptilomeris  calva,  and  several  other  California 
Corapositaj  differ  from  the  type  of  their  genera,  namely,  in  the  sup- 
pression of  their  pappus.  A.  macrocephalum,  besides  its  larger  cap- 
itula  and  narrower  leaves,  bears  achenia  which  are  entirely  destitute 
of  pappus,  although  in  every  other  respect  it  is  a  strict  congener  of 
the  original  species.  Thus  far,  these  plants  illustrate  the  rule,  no- 
ticed by  Dr.  J.  D.  Hooker,  in  respect  to  the  Galapagos  Islands,  that 
when  a  genus  of  two  or  more  species  is  peculiar  to  a  group  of  isl- 
ands, the  different  islands  have  each  their  peculiar  species. 

In  further  illustrations  of  this  law.  Dr.  Gray  exhibited  specimens 
of  a  third,  nearly  allied  plantof  the  order,  from  the  Island  of  Kauai, 
where  it  manifestlj'  repiesents  the  genus  Argyroxiphium,  but  con- 
stitutes a  very  distinct  genus  in  character,  allied  as  much  to  Lasthe- 
nia, as  to  the  former  genus.  After  noting  the  characters  of  this 
genus,  Prof.  G.  remarked,  that,  as  it  was  one  of  the  most  striking 
and  interesting  new  plants  collected  during  the  cruise  of  that  suc- 
cessful expedition,  he  proposed  to  characterize  it,  in  the  portion  of 
the  botany  of  the  voyage  he  had  now  in  preparation,  under  the  name 
of  Wilkesia;  thus  dedicating  it  to  the  enterprising  commander  of 
the  expedition.  In  order  to  indicate  its  affinity  with  Argyroxip)hi am, 
he  proposed  to  derive  the  specific  name  from  the  nakedness  of  the 
sword-shaped  leaves,  which  present  only  slight  indications  of  the 
silky  covering,  and  thus  to  call  it  Wilkesia  gymnoxiphium. 

Prof.  Agassiz  said  Prof.  Gray  had  alluded  to  two  general  points 
of  interest.  It  was  a  remarkable  point  that,  at  some  times,  some 
particular  branches  were  in  advance  of  others.  Structural  differences 
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were  often  found  to  mark  geographical  divisions,  botli  in  animals 
and  plants.  But  there  was  a  point  in  which  tlie  zoological  researches 
are  behind  those  of  botany  ;  and  that  was,  in  respect  to  particular 
species  being  confined  to  specific  geographical  localities.  He  had  no 
doubt  that  this  vvas  as  true  with  reference  to  animals  as  to  plants. 


On  THE  Embryology  of  Planari^.     By  Ch.  Girard. 

The  published  faunas  of  this  country  do  not  }'et  make  an}^  men- 
tion of  the  group  of  Planarice,  although  Prof.  Haldeman  has  de- 
scribed the  first  species  nine  years  ago. 

These  animals  inhabit  salt,  brackish  and  fresh  water,  each  of 
these  localities  having  peculiar  forms  of  tliat  family  and  character- 
istic species. 

Being  at  this  moment  engaged  in  elaborating  a  monograph  of  the 
North  American  Planarise,  which  I  propose  to  publish  shortly,  I 
shall  confine  myself  to-day  to  an  exposition  of  the  general  results 
•of  embryological  observations  made  upon  one  of  the  species. 

It  belongs  to  the  genus  Planocera  of  De  Blainville,  and  I  shall 
designate  the  species  under  the  name  of  PI.  elbptlca,  on  account  of 
its  elliptical  form. 

As  early  as  the  month  of  December,  I  observed  in  the  interior  of 
the  body  within  the  gastro-vascular  system,  little  semi-transparent 
spheres  distributed  into  all  parts,  from  one  extremity  of  the  body 
to  the  other  ;  these  are  the  eggs  in  process  of  formation.  The  ger- 
minative  vesicle  is  very  distinct,  as  well  as  the  germinative  spot ;  the 
■first  is  proportionally  large,  the  second  ver}^  small.  The  substance 
of  the  vitellus,  although  there  is  but  a  small  quantity  present,  is 
nevertheless  distributed  throughout  the  whole  interior  of  the  sphere 
circumscribed  by  the  vitelline  membrane. 

This  vitellus  is  homogeneous  in  appearance,  and  is  composed  of 
little  cells,  which  are  scarcely  to  be  distinguished  from  those  of  the 
tissues  of  the  body,  except  that  they  appear  smaller,  showing  thus 
an  analogy  alluded  to  by  Prof.  Agassiz  in  his  lectures  on  Com- 
parative Embr3'ology  (p.  81,  etc.). 

The  deposition  of  tiie  eggs  takes  place  during  the  months  of  May 
and  June.  Sometimes  before  this  period,  the  egg  has  become  opaque 
by  the  augmentation  of  the  vitelline  substance,  which  increases  in 
proportion  as  theegg  grov/sl-arger,and  completely  conceals  theger- 
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minative  vesicle,  which  shows  itself  no  more  except  upon  compres- 
sion.    The  germinative  spot  has  already  disappeared. 

When  the  animal  deposits  its  eggs,  it  fixes  them  upon  smooth 
surfaces  by  means  of  a  thin  layer  of  a  sort  of  mucosity  which  hard- 
ens upon  contact  with  the  water.  They  are  disposed  side  b}'  side 
in  bands  of  a  quarter  of  an  inch  in  breadth,  the  length  of  which 
varies  according  to  the  quantity  of  eggs  deposited  at  one  time. 
The  same  individual  deposits  eggs  man}-  times  during  the  same  sea- 
son, at  short  intervals,  and  constructs  each  time  one  or  many  bands. 

When  the  egg  is  laid,  it  has  an  external  envelop,  the  chorion,  be- 
tween which  and  the  vitellus,  a  small  space  is  left.  The  vitellus 
itself  is  completely  opaque  ;  very  rarely,  it  is  true,  there  is  still  to 
be  seen  upon  the  surface  a  transparent  space  ;  this  is  the  germina- 
tive vesicle,  which  is  at  the  point  of  disappearing  also,  as  the  germ- 
inative dot  has  already  done.  At  this  period,  the  vitellus  is 
composed  of  fine  cells,  each  little  cell  containing  a  nucleus  of  vari- 
able size. 

About  twelve  hours  after  the  deposition,  the  egg  enters  into  a 
new  phase,  that  of  division,  which  lasts  twenty-four  hours.  The 
phenomenon  takes  place  in  the  following  manner: — The  vitelline 
sphere  elongates  into  an  oblong  form,  a  concentration  appears  at 
the  centre,  at  first  very  slight ;  afterwards  becoming  more  and  more 
pronounced  until  the  separation  into  two  parts  is  complete.  The 
primitive  sphere  divides  thus  into  two  smaller  spheres  of  equal  size, 
in  the  centre  of  which  is  seen  a  transparent  space  which  has  no 
connection  with  the  germinative  vesicle,  as  Prof.  Agassiz  showed 
for  the  first  time  last  year,  in  the  nemertian  worms,  and  as  we  have 
also  frequent!}'  verified  since. 

Soon  after,  two  other  spheres  appear  opposite  each  other  on  the 
sides  of  and  between  the  two  primary  anterior  ones.  At  first  very 
small,  they  increase  rapidly  until  the  whole  is  divided  into  four 
equal  parts ;  four  spheres  independent  of  each  other,  but  closely 
grouped  together,  and  having  each  a  transparent  space.  I  have 
said  that  those  spheres  were  independent  of  each  other  ;  I  could 
convince  nn'self  of  it  directly,  by  isolating  them  under  compres- 
sion without  breaking  them.  They  can  be  isolated  when  they  are 
very  numerous  as  well  as  when  there  are  but  two.  This  fact  leaves 
no  doubt  that  a  membrane  surrounds  each  sphere  of  division.  At 
this  period  the  vitellus  is  heterogeneous,  consisting  of  large  and 
small  cells,  containing  one  or  several  nuclei ;  the  latter  of  different 
sizes,  sometimes  opaque,  sometimes  with  a  transparent  centre. 
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After  these  four  spheres,  four  new  ones  are  formed  alternating 
with  the  preceding ;  next,  eight  others,  which  alternate  also,  and 
so  on.  This  law  of  division  by  doubling  the  number  preceding,  is 
well  known  to  embryologists.  The  respective  arrangement  of  the 
spheres  of  division  is  subject  to  another  law,  namely,  that  one  which 
causes  them  to  alternate.  This  law  was  discovered  by  Prof. 
Agassiz,  upon  these  same  eggs. 

Beyond  sixteen  divisions  this  regularity  is  less  apparent,  and  at 
thirty-two  and  sixty-four  it  can  no  longer  be  traced  ;  finally,  the  mul- 
berry-shaped bod}'  appears,  which  is  the  last  stage  of  division,  and 
which,  after  six  hours,  brings  us  back  to  the  primitive  sphere,  with 
a  cellular  structure  very  similar  to  what  it  was  before  the  division. 

One  fact  clearly  appears  from  these  observations,  uamely,  that 
during  each  of  the  changes  which  the  egg  undergoes,  the  vitelline 
substance  is  under  the  control  of  a  very  subtle  elaboration  which 
transforms  its  mass,  kneads  it  and  re-kneads  it,  so  to  speak,  again 
and  agaiu  at  each  entry  into  a  new  phase.  The  embryonic  sub- 
stance multiplies  itself  by  the  most  simple  and  unexpected  process, 
which  at  once  shows  the  fallacy  of  the  cellular  theory,  as  it  has 
been  admitted  up  to  the  present  time  by  embryologists.  It  con- 
sists of  the  groivth  of  the  nuclei. 

Prof.  Agassiz  has  himself  illustrated  in  one  of  the  past  meetings 
the  new  theory  with  which  he  proposes  to  replace  the  old  one.  I  say 
old,  and  yet  it  has  only  existed  for  about  ten  3'ears.  But  such  has 
been  the  rapidit}'  of  the  progress  in  these  investigations  that  it  has 
lived  long  in  a  short  time.  The  one  which  is  called  to  succeed  it 
rests  upon  such  numerous  facts  and  observations  repeated  so  many 
times  (for  all  our  microscopical  studies  conform  to  it)  that  I  have 
no  doubt  it  will  remain  unshaken  by  subsequent  investigations. 

The  division  once  completed,  the  eggs  remain  in  a  state  of  repose 
for  four  or  five  days,  during  which,  their  mass  becomes  more  trans- 
parent and  their  centre  hollow.  At  the  end  of  this  time  the  germ 
begins  to  move. 

This  movement  is  not  uniform  with  all ;  in  some  it  is  ver^'  rapid, 
nearly  forty  turns  a  minute.  With  others  more  moderate,  fourteen 
turns  only  a  minute;  with  others,  again,  still  slower,  and  some- 
times it  was  scarcely  sensible.  Those  which  moved  slowl}'  one 
moment  would  the  next  instant  move  with  great  rapidity,  and, 
vice  versa,  those  which  moved  rapidly  could  decrease  their  motion  ; 
in  a  word,  the  same  germ  is  subject  successively  to  different  de- 
grees of  velocity. 


FOR   THE    ADVANCEMENT    OF    SCIENCE.  401 

The  movement  does  not  take  place  in  a  uniform  direction.  Some 
turn  from  riglit  to  left,  others  from  left  to  right  in  a  horizontal 
plane  ;  others,  again,  turn  in  a  vertical  plane,  sometimes  uniformly, 
at  other  times  with  a  bounding  movement. 

Both  of  these  movements  will  change  in  direction,  that  is  to  say, 
if  the  germ  turned  from  left  to  right  it  will  change  and  turn  from 
right  to  left  in  the  same  plane. ^ 

Great  vitelline  cells,  independent  from  the  principal  mass, — 
cells  which  Prof.  Nordmann  has  described  in  the  Phlebenteric  Mol- 
luscs as  parasitic  animals,  under  the  generic  name  of  Cosmella, — 
circulate  freely  in  the  space  between  the  vitellus  and  the  outer  mem- 
brane of  the  egg.  When  the  mass  moved  rapidly,  these  isolated 
cells  were  attracted  and  carried  irresistibly  away  in  the  current, 
like  satellites  around  a  large  and  powerful  planet. 

It  was  an  attractive  sight,  which  we  could  not  be  tired  in  observ- 
ing— such  activity  in  a  spherical  mass  of  cells — a  globe  of  matter 
under  the  impulse  of  life,  which  was  to  govern  it,  and  in  some  sort 
imprint  upon  it  the  forms  which  an  overruling  Will  had  marked  out 
beforehand,  and  from  which  matter  does  not  deviate. 

This  spherical  mass  of  cells  is  already  the  embr^'o.  Twelve 
hours  after,  the  centre  of  this  embryo,  which  is  always  circular  in 
form,  is  composed  of  large  transparent  cells,  the  contents  of  which 
cells  are  nebulous,  and  around  them  are  found  the  ordinary  vitel- 
line cells.  At  this  time,  the  exterior  surface  is  seen  to  be  covered 
with  vibratory  cilia.  I  have  observed  no  ti-ace  of  these  organs,  at 
the  moment  when  the  embryo  begins  to  move  ;  and  they  do  not  be- 
come apparent  until  the  day  following.  After  the  lapse  of  another 
twelve  hours,  the  embr^^onic  sphere  loses  its  primitive  form,  in  con- 
sequence of  tlie  flattening  of  one  of  its  poles  ;  and  from  this  sur- 
face rise  up  several  tubercles,  between  which  a  groove  is  formed, 
and  the  sphere  opens. 

From  this  moment  the  embryos  are  sj'mmetrical,  which  can  be 
directly  seen  by  the  appearance  of  the  eyes.  Being  still  in  the 
egg,  the  movements  are  confined  within  the  circumference  of  the 
external  envelope,  where  they  seem  to  be  uneasy  unless  the}'  are 
moving  in  a  shaking  and  irregular  manner. 

iThe  expressions  vertical  plane  and  horizontal  plane  have  reference  only  to  the 
observer,  as  the  sphere  can  displace  itself  from  one  plane,  and  assumethe  other.  The 
irregnlar  movement  of  some  of  the^germs,  wliicli  appear  at  times  to  oscillate,  and  move 
in  a  spiral  direction,  must  no  doubt  be  attributed  to  tlie  passage  of  the  egg  from  one  of 
these  planes  to  the  other. 
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At  last,  they  break  the  envelope  of  the  egg,  and  move  freely  abont, 
with  various  movements,  and  very  different  forms.  They  move  for- 
wards, but  still  turning  around  their  axis,  and  at  the  same  time  rolling 
or  oscillating.  Their  form  is  sometimes  regular  and  symmetrical, 
sometimes  unsymmetrical,  polymorphous,  or  deformed  ;  they  are 
seen  to  change  it,  as  well  as  their  direction.  The  embryos  are  en- 
dowed with  a  plastic  elasticity  ;  they  pass  from  one  form  to  another, 
assuming  them  successively  without  arresting  their  movement,  al- 
though each  form  causes  a  modification  in  the  mode  of  progression. 

At  this  stage  of  development,  larvse  of  Planarke  have  been  des- 
cribed as  Infusoria,  like  many  other  germs.  The  so-called  Kolpoda 
cuculus  is  one  of  the  embryonic  stages  of  a  species  of  fresh  water 
Planarioi,  as  Prof.  Agassiz  has  already  shown. 

These  different  forms,  subjected  to  such  various  movements 
through  which  the  young  Planarim  passes,  become,  at  the  end  of 
eight  or  ten  days,  a  kind  of  chrysalis,  completel}'  immovable,  hav- 
ing a  cylindrical  form,  slightly  curved,  in  which  three  regions  can 
be  distinguished — the  anterior  and  posterior  region,  both  of  which 
are  opaque,  and  the  central,  whicli  remains  transparent. 

So  few  now  remained  of  the  larvte  which  I  had  raised,  that  I  was 
unable  to  continue  my  investigations.  At  first,  I  thought  that  this 
state  of  chrysalis  was  an  abnormal  one,  owing  to  their  captivity' ; 
but  Prof.Agassiz  and  m3-self  have  been  fortunate  enough  to  observe 
them  in  the  same  state  in  Massachusetts  Ba}',  opposite  Cape  Cod, 
taken  directly  from  the  bottom,  in  deep  water,  by  means  of  the  dredge. 

There  cannot  be  a  doubt,  therefore,  that  the  .young  Planarke,  af- 
ter leaving  their  infusorial  condition,  pass  a  part  of  their  life  in  the 
form  of  chrysalis.  How  long  they  remain  so,  I  am  ignorant.  It 
remains,  therefore,  to  be  investigated,  whether  the  Planarim  are  bora 
directly  from  this  chrysalis,  or  whether  there  are  still  other  inter- 
mediate phasesto  pass  through  before  the  perfect  animal  is  produced. 


On  the  Urodelian   Batrachians.     Bv  Prof.  Baird. 
A  verbal  abstract  only  of  this  paper  was  made  by  the  Professor, 


Observations  on  Leuciscus  pulciiellus,  Lt.     By  W.  O.  Ayres. 

Feav  attempts  have  been  made,  in  the  accounts  of  fishes  whicli 
have  been  published  in  this  country,  to  describe  the  changes  which 
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tbey  undergo  at  diflforent  ages,  or  at  different  seasons  of  the  year, 
or  to  illustrate  their  habits.  Each  description  has  generally  consist- 
ed of  a  statementof  the  dimensions  and  external  appearance  of  the 
fish,  and  from  such  imperfect  notices  numerous  errors  have  arisen. 
The  object  aimed  at  in  this  paper  is,  to  bring  forward  what  we  have 
learned  as  to  the  history  and  habits  of  this  beautiful  species  ;  to  give 
descriptions  in  detail  of  its  external  characters  at  all  stages  of  its 
growth,  accompanied  with  a  full  anatomical  account ;  and  to  com- 
pare it  with  those  species  to  which  it  is  most  nearly'  allied. 

The  geographical  range  of  the  PulcheUus  does  not  aj^pear  to  be 
extensive.  It  is  known  to  exist  throughout  New  England,  and  is 
included  by  Dr.  De  Kay,  among  the  fishes  of  New  York  ;  further 
than  that,  we  have  not  traced  it.  It  has  not  been  seen  by  Dr.  Kirt- 
land  in  Ohio,  by  Prof.  Baird  in  Pennsylvania,  or  by  Dr.  Holbrook 
in  South  Carolina. 

It  is  exclusively  a  fish  of  the  running  water.  Wherever  a  stream 
which  they  inhabit  is  dammed,  none  but  very  small  dace  are  found 
in  the  still  water  of  the  pond,  and  even  they  do  not  seem  to  thrive. 
And  in  the  small  lakes,  which  are  so  numerous,  this  species  is  not 
a  native.  But  though  the  rivers  seem  thus  their  appropriate  place, 
we  seldom  find  them  in  brook  ;  they  are  very  generally  replaced  by 
two  smaller  species,    Cornutus  Sindi  Atronasiis. 

The  spawning  of  the  PulcheUus  takes  place  principally  during 
the  months  of  April,  May,  and  June.  At  this  season,  the  larger 
fish  ascend  the  tributaries  of  the  main  rivers  in  much  greater  num- 
bers than  at  other  times.  The  young  appear  to  grow  with  different 
degrees  of  rapidity.  At  the  opening  of  the  spring,  we  find  the  fish 
of  the  last  year,  in  some  instances,  four  inches  long,  while  many 
may  be  seen  not  more  than  two  inches  in  length,  though  this  is  un- 
doubtedly owing  in  part  to  the  different  periods  of  spawning  in  the 
parent  fish.  Beyond  this  age,  their  growth  varies  much.  My  ob- 
servations lead  me  to  conclude  that  in  favorable  situations,  their 
weight  at  the  age  of  three  years  is  between  a  pound  and  a  pound 
and  a  half. 

In  size,  this  species  is  certainly' in  advance  of  any  other  Leuciscus 
which  has  been  described  as  inhabiting  this  country  excepting  the 
cataractus.  Specimens  have  been  taken  at  Hartford,  Conn.,  which 
weighed  three  pounds.  The  cataractus^  according  to  Prof.  Baird, 
attains  a  length  of  two  feet,  and  a  weight  of  four  pounds. 

The  food  of  the  PulcheUus  is  much  varied.  They  take  most 
commonly  insects,  shell-fish,  young  fish,  and  earth  worms  ;  I  have 
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found  in  their  stomachs  fragments  of  leaves  and  locks  of  wool,  and 
in  confinement  they  feed  freely  on  moistened  Indian  meal. 

This  species  is  liable,  during  the  warmer  months  of  the  j'ear,  to 
the  growth  of  a  species  of  Conferva,  on  its  scales  ;  this  has  never, 
I  believe,  been  mentioned  in  connection  with  the  fishes  of  this  coun- 
try, though  it  is  not  uncommon  on  several  species — it  has  been 
noticed  on  many  of  the  fluviatile  fishes  of  Europe.  It  shows  itself 
in  the  form  of  grayish  patches,  resembling  tufts  of  moss. 

A  singular  fact  in  relation  to  the  Pulchellus  is  the  effect  produced 
on  it  b3'^  the  seeds  of  Menispermum  cocidus,  known  as  Cocidus  indicus 
or  coclde.  This,  when  eaten  by  the  fishes,  causes  them  to  rise  to 
the  surface  intoxicated,  in  which  condition  they  are  easily  caught 
as  bait  for  other  species.  The  effect  is  accomplished,  during  sum- 
mer, in  fifteen  or  twenty  minutes.  As  the  weather  grows  colder, 
the  same  result  requires  three  or  four  hours,  owing  doubtless,  to 
the  diminished  rapidity  of  the  circulation.  It  is  most  remarkable 
that  the  poison  of  the  cockle  seems  to  be  entirely  inert,  when  ad- 
ministered to  any  fishes  except  the  Cyprinidce. 

The  descriptions  of  both  external  anatomical  characters,  which 
form  the  greater  portion  of  the  original  paper,  of  course  cannot  be 
given  in  this  abstract.  One  or  two  points,  however,  ma}' be  deemed 
wortiiy  of  notice. 

The  Pulchellus  passes  through  a  regular  series  of  changes  in  color. 
The  fish  of  two  inches  has  the  back  greenish  olive,  with  the  edges 
of  the  scales  darker,  these  darker  edges  forming  decussating  lines, 
which  on  the  back  are  veiy  distinct,  but  on  the  sides  become  less 
apparent,  and  beneath  the  lateral  line  entirely  disappear.  A  broad 
black  band  runs  the  whole  length  of  the  side,  and  above  this,  a  nar- 
row golden  line.     All  beneath  is  silveiy. 

At  the  length  of  six  inches,  the  green  of  tlie  back  has  become 
less  pure,  being  mixed  with  brown  ;  the  decussating  lines  extend 
further  downward,  the  black  band  has  disappeared,  and  the  sides 
are  entirely  silvery.     At  this  age,  it  is  the  Argenteus  of  Storer. 

From  this  size,  itbegins  to  assume  the  colors  of  the  adult  fish,  and 
the  change  is  sometimes  complete  at  the  length  of  ten  inches.  It  is 
then  dark  greenish  olive  on  the  back,  with  the  edges  of  the  scales 
almost  black.  Broad  black,  decussating  lines  extend  far  down  the 
side  ;  these  lines  are  formed  by  a  black  deposit  upon  the  fold  of 
skin  which  encloses  tiie  base  of  each  scale.  The  sides  are  silvery, 
strongly  tinged  with  3'ellowish  flesh  color.     At  all  ages,  the  black 
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band,  uliich  is  characteristic  of  the  young,  may  be  indistinctly 
seen  while  the  fish  is  living. 

One  change  still  remains,  more  striking,  perhaps,  than  the  others  ; 
it  is  that  of  the  male,  at  the  spawning  season.  The  back  is  of  a  dark 
blackish  brown,  with  the  sides  strong  reddish  flesh  color.  The  abdo- 
men is  of  a  pale  flesh  color,  but  appears  very  dark  from  being  cov- 
ered with  minute  black  dots  ;  the  pre-operculum  is  dark  purplish  red. 
At  this  season,  also,  the  head  is  furnished  with  a  great  number  of 
hard,  horn^^  tubercles,  firmly  fixed  to  the  skin. 

It  ma}'^  here  be  remarked,  that  the  black  longitudinal  stripe  on 
the  young,  and  the  tubercles  on  the  head  of  the  male,  ore  found 
in  man3'  species  of  Leuciscus,  and  other  allied  genera. 

A  single  point  in  anatomy  will  be  mentioned.  In  relation  with  the 
inferior  pharyngeals,  we  find  two  minute  bones,  very  simple  in 
their  structure,  but  quite  remarkable  in  the  service  which  they  per- 
form. They  are  suspended  vertically  in  front  of  the  phar3nigeals, 
below  the  branchial  arches,  being  articulated  by  their  superior  ex- 
tremity upon  the  second  interbranchial  bone,  one  on  each  side. 
These  little  bones  are  slightly  curved  inward,  and  are  very  slender  ; 
in  a  fish  of  eleven  inches,  the^^  are  about  a  sixth  of  an  inch  in  length, 
and  not  thicker  than  a  fine  sewing  needle.  The  inferior  extremity 
is  free,  but  is  provided  with  a  slender  tendinous  slip  which  passes 
upward  and  forward,  and  is  inserted  near  the  anterior  extremity  of 
the  second  interbrancliial ;  by  means  of  these  tendons,  which  act 
as  braces,  these  bones  are  enabled  to  become  places  for  attachment 
of  a  pair  of  muscles,  whose  operation  is  to  separate  the  inferior 
phai'yngeals.  These  little  bones  are  found,  apparentl}',  in  the  whole 
genus  Leiiciscus,  perhaps  in  the  whole  oi"  Cy2yi'inus,hnt  not  in  Cat- 
astomus,  though  the  arrangement  of  the  pharyngeal  apparatus  in 
that  genus  is  very  similar  to  that  of  the  Leucisci. 

The  species  of  our  own  waters,  with  which  the  PulcJiellus  may  be 
compared  at  its  different  stagesof  growth,  are  Catastomus  tuhercula- 
tus,  L.  atronasus,  L.  americayms,  L.  cornutus,  L.  indchelloides,  and 
L.  cataractus.  Prof.  Baird  informs  me,  that  he  has  other  closely 
allied  species,  but  the}' are,  as  j^et,  unpublished.  Of  European  spe- 
cies, the  one  which  appears  nearest  to  Pulcliellus  is  L.  vulgaris. 
Others  are  L.  dobida,  L.  lancastriensis,  and  L.  albus. 

Prof.  Baird,  in  reply  to  some  remarks  by  Mr.  Ayres,  on  this  fish, 
claimed  for  Pennsylvania  the  existence  of  a  larger  allied  species, 
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(Chilonemus  cataractus,  Baircl.)  He  had  seen  individuals  from  twen- 
ty to  twenty-four  inclies  in  lengtli,  and  weighing  as  mucli  as  four 
pounds. 


Dr.  Jackson  presented  the  following  letter  : 

Milwaukee,  Wis  ,  August  7,  1840. 

Dr.  C.  T.  Jackson  : 

Dear  Sir, — Tiie  subject  of  "Medical  Geology,"  as  it  has  been 
called,  to  which  you  have  drawn  the  attention  of  the  public  by 
a  letter  published  in  the  newspapers,  is,  undoubtedl}^  one  of  very 
great  importance,  and  should  not  be  overlooked  in  the  surveys  and 
reports  made  by  the  geologists  under  the  authoritj^  of  the  General 
Government,  and  of  the  several  States. 

Your  suggestion  that  there  is  a  greater  amount  of  cholera  in 
limestone  districts  than  in  those  based  on  granitic  and  other  pri- 
mary rocks,  is  now  receiving  melancholy  proof  and  confirmation 
at  Sandusky  City,  in  Ohio. 

In  the  course  of  your  investigation  of  the  geolog}^  of  the  West, 
3'ou  must  have  discovered  places  where,  over  considerable  areas, 
the  rocks  are  entirely  bare  of  drift  or  soil  of  any  kind.  They  appear 
to  have  been  points  over  which  the  currents  of  the  ancient  ocean 
swept  with  unusual  force :  and  upon  which,  consequently,  no  loose 
materials,  no  clay,  sand,  gravel,  or  boulders  were  deposited.  Sev- 
eral such  places  are  to  be  found  in  the  region  of  the  Upper  Lakes. 
Sandusk}^  City  is  one  of  them. 

The  "corniferous  limestone"  rock  here  forms  the  surface  of  the 
ground  upon  which  the  "City"  is  built.  There  is  not  soil  enough 
upon  it  to  support  shade  trees  on  tlie  streets  and  public  grounds. 
A  lady  of  great  taste  and  intelligence  informed  me  that  she  was 
compelled  to  send  into  the  interior  for  earth,  with  which  to  make  a 
flower  garden  and  shrubbery  about  her  house. 

Now,  if  the  suggestion,  above  referred  to  is  correct,  we  should,  a 
priori,  expect  a  greater  development  of  cholera  at  Sanduskj^  Cit}-, 
than  at  other  places,  both  as  to  its  amount  and  malignano}' ;  and 
the  facts  are  precisely  in  accordance  with  this  view. 

It  commenced  suddenly,  and  with  great  severit^^,  on  the  24th  of 
July,  there  having  been  thirty-six  deaths  on  that  day.  A  great'panic 
immediately  prevailed,  and  a  large  proportion  of  the  inhabitants  fled. 
Business  was  almost  entirely  suspended.  When  we  reflect  that  the 
population  of  Sandusky  City  is  only  about  twentj'-five  hundred,  this 
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will  be  considered  an  unusual  degree  of  niortalit}'.  The  same 
proportion  in  the  cit}^  of  New  York  would  carry  off"  six  thousand 
persons  dail3'.  From  that  time  to  the  present,  the  disease  has 
continued  with  but  slight  abatement  of  its  severity,  the  number  of 
interments  varying  from  twelve  to  thirty-three  dail}^  The  physi- 
cians of  the  place  became  exhausted  and  worn  out,  b}^  their  constant 
attendance  on  their  patients;  and  several  others  from  Cincinnati, 
Cleveland,  and  places  in  the  interior  of  the  State,  have,  Avith  great 
humanity  and  heroic  courage,  come  to  their  assistance.  Dr.  Ack- 
erl}'^,  from  Cleveland,  writes  that  he  is  convinced  that  the  cholera 
at  Sandusky  City,  is  of  a  more  severe  and  malignant  form  than  at 
other  places  in  the  country.  "  In  some  portions  of  the  town,"  he 
continues,  "  inhabited  by  the  German  and  Irish  population,  the 
disease  has  become  infectious,  a  cholera  atmosphere  (or  stench) 
can  be  observed  along  the  entire  length  of  some  streets,  but  more 
particularly  in  the  vicinity  of  houses  where  there  are  many  sick 
and  dead." 

I  am  induced,  in  view  of  the  great  importance  of  this  new  branch 
of  Medico-Geological  inquiry,  to  address  you  this  letter,  in  the 
hope  that  the  facts  herein  set  forth,  may  induce  men  of  science  to 
give  it  their  attention  in  their  future  investigations  in  these  subjects. 

Very  respectfully  yours, 

I.  A.  Lapham. 

Dr.  Jackson  asked  Prof,  Agassiz  if  he  could  not  secure  investi- 
gations, by  testing  the  atmosphere  where  the  cholera  prevails,  to 
see  whether  there  was  any  peculiar  prevalence  of  animalculse. 

Prof.  Agassiz  replied  that  he  had  no  doubt  there  was  an 
immense  atmosphere  of  life  surrounding  us.  Tliis  had  been  dis- 
covered on  the  heights  of  the  Alps,  covering  the  snow  with  the  ap- 
pearance of  blood.  He  understood  that  in  Boston  harbor  the 
waters  were  green,  as  he  supposed  from  animalculoe  ;  and  he  under- 
stood the  fishes  had  disappeared. 

Dr.  J.  C.  Warren  said,  it  was  a  well  known  fact  that  cholera 
prevailed  in  moist  situations,  where  there  was,  or  might  be,  decom- 
position of  animal  and  vegetable  substances.  This  was  the  reason, 
no  doubt,  that  it  followed  the  courses  of  rivers  and  marshes,  in  so 
many  instances.  In  fact,  it  affected  much  the  same  situations,  and 
pursued  much  the  same  course,  as  intermittent  fevers.  He  pro- 
ceeded to  state  facts  to  corroborate  this.  As  to  tlie  non-preva- 
lence of  cholera  in  granitic  regions,  he  had  not  been  able  to  discover 


408  PROCEEDINGS    OF    THE    AMERICAN    ASSOCIATION 

evidence  sufficient  to  support  tliis  opinion.  Granitic  regions  were 
generally  dry,  and  of  course,  not  so  likely  as  low  and  marshy 
places  to  be  the  seats  of  miasmata,  produced  by  animal  and  vege- 
table decomposition.  To  prove  that  cholera  did  not  appear  par- 
ticularly in  granitic  regions,  required  a  great  number  of  facts 
carefull}''  observed  and  clearly  expressed.  In  the  vast  regions  of 
Russia,  Prussia,  and  other  countries  of  Europe,  where  cholera  has 
very  extensively  prevailed,  where  it  has  been  very  carefully 
watched,  and  where  the  results  have  been  published  to  the  world 
by  acute  and  able  observers,  it  has  not  been  averred  that  cholera 
was  excluded  from  granitic  regions.  He  recollected  one  striking 
fact  in  opposition  to  this  doctrine,  where  the  cholera  occurred  in  a 
granitic  region,  in  the  interior  of  India,  with  a  malignity  altogether 
peculiar. 

Dr.  Jackson  inquired  whether,  in  this  instance,  the  waters  had 
not  been  drawn  from  calcareous  regions.  But  he  did  not  limit  the 
disease  to  these  districts.  There  was  an  extensive  choleric  pre- 
disposition, and  there  are  many  exciting  causes,  among  which  he 
believed  the  use  of  calcareous  waters  was  an  important  one. 

Dr.  J.  C.  Warren  said  the  most  philosophical  opinion  of  the  or- 
ioin  of  cholera  was,  as  it  appeared  to  him,  that  the  predisposing 
cause  to  the  disease,  was  a  poison  diffused  through  the  atmosphere, 
which  rendered  the  human  body  liable  to  be  affected  by  it  on  the 
application  of  an  exciting  cause.  This  cause  might  be  indigesti- 
ble food,  too  much  food,  calcareous  waters,  etc.  These  produced 
a  violent  commotion,  in  which  nature  made  efforts  to  throw  off  the 
poisonous  substance,  and,  in  fact,  succeeded  in  doing  so,  in  the 
greater  number  of  instances.  To  show  the  probability  that  cholera 
was  an  atmospheric  poison,  he  would  refer  to  the  fact  that  the 
premonitory  cholera,  so  called,  pervaded  this  country  from  one 
extremity  to  the  other,  during  the  past  year  —  that  is,  in  the  sum- 
mer of  1848.  A  disease  so  extensively  diffused,  could  not  be  con- 
veyed by  any  agent  we  are  acquainted  with,  excepting  the 
circumambient  air.  As  to  the  connection  of  the  premonitory 
cholera  of  1848,  with  the  malignant  disease  which  has  existed  so 
extensively  in  1849,  while  it  may  be  impossible  to  prove  it,  most 
persons  will  allow  it  to  be  highly  probable. 

Dr.  Jackson  said  he  had  no  doubt  that  the  cholera  prevailed 
most  in  limestone  regions. 
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The  Secretary  read  the  following  communication  : 
On  a  Process  for  detecting  the  Remains  of  Infusoria,  etc., 

IN  Sedimentary  Deposits.      By  J.  W.  Bailey,  Professor    of 

Chemistr}^,  U.  S.  Military  Academy,  West  Point. 

It  often  happens  that  in  the  sedimentary  deposits  containing 
siliceous  shells  of  Infusoria,  and  other  microscopic  organisms,  the 
inorganic  matters  with  which  the  minute  forms  are  mingled,  bear 
a  large  proportion  to  the  organic  bodies,  and  correspond  to  them 
so  nearly  in  specific  gravity,  that  it  is  difficult  to  detect  their  pres- 
ence. In  such  cases,  the  following  mode  of  examination  will  be 
found  to  yield  very  satisfactory  results. 

Thoroughly  dry  the  materials  to  be  examined  ;  the  minute  shells 
which  are  unbroken  will  then  become  filled  with  air.  If,  in  this  con- 
dition, a  portion  of  the  sediment  be  rapidly  stirred  up  in  water,  the 
shells  ivill  rise  to  the  surface,  each  being  buoyed  up  by  the  air  tempo- 
rarily enclosed.  If  the  water  is  then  allowed  to  stand  undisturbed 
for  a  few  seconds,  the  sand  and  mud,  which  may  have  risen  to  the  top, 
will  subside,  leaving  the  organisms  floating  by  themselves.  These 
may  then  be  easily  removed  from  the  surface  and  transferred  to  glass 
by  simply  touching  the  finger  to  the  surface  of  the  water,  and  then 
to  the  slide  on  which  the}^  are  to  be  placed.  The  sediment,  if  dried 
again,  will  often  yield  another  abundant  supply  of  the  minute  shells. 

By  the  above  means,  I  have  obtained  exquisite  specimens  from  the 
bottom  of  dried-up  ponds,  from  the  sands  of  harbors,  and  from  the 
mud  attached  to  floating  ice  in  the  Hudson  river — materials  pre- 
senting the  two  extremes  of  very  coarse  gravel  and  the  finest  sedi- 
ment, neither  of  which  would  have  given  good  results  by  any  other 
process. 

Prof.  Agassiz  said  that  the  method  employed  by  Prof.  Bailey 
to  procure  specimens,  was  an  excellent  one,  and  was  also  the 
method  emplo3'ed  by  d'Orbigny. 


On  the  Embryology  of  Cephalopoda.     By  Prof.  L.  Agassiz. 
[Not  received.] 


A  Monograph  of  the  Fresh  Water  Cottus  of  North  America. 
By  Charles  Girard. 
A  monographic  investigation  of  the  fresh  water  Cotti   of  this 
country  has  led   me  to  very  different  results  from  those  to  which 
ichthyologists  have  heretofore  arrived. 
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In  spite  of  the  apparent  uniformity  which  characterizes  the  genus 
Cottus  of  authors,  I  believe  it  necessary'  to  subdivide  it  by  placing 
on  one  side  the  marine  species,  and  on  the  other  the  species  of 
fresh  water. 

The  primitive  type  of  the  genus  being  the  Cottus  gohio  of  Europe, 
it  will  appear  at  once  very  natural  that  the  name  of  Cottus  should 
be  retained  for  the  analogous  species. 

1  therefore  propose  the  generic  name  of  Acanthocottus,  for  the 
marine  species. 

Agreeing  with  Mr.  Heckel  in  the  propriety  of  withdrawing  the 
C.  asper  of  Dr.  Richardson  from  the  genus  Cottus,  I  however  do  not 
coincide  in  the  opinion  of  this  naturalist  with  regard  to  its  affinity 
with  his  Traclddermis  fasciatus. 

In  the  Ichthyology  of  the  "  Sulphur,"  Dr.  Richardson  has  estab- 
lished the  genus  Centrodermiclithys  to  include  some  fishes  of  the 
China  seas.  He  believes  that  his  Cottus  asper  will  find  there  its 
place.  Not  being  able  to  decide  this  question  for  the  present,  I 
shall  take  it  up  again  before  the  publication  of  m\'-  monograph. 

With  regard  to  the  true  genus  Cottus,  one  will  recollect  that  the 
species  have  been  united  into  one  species,  and  have  been  regarded 
as  identical  with  C.  gohio  of  Europe. 

But  even  in  Europe  there  are  not  less  than  four  species  well 
described  {Cottus  gohio,  offinis,  2')oecilop)us,  and  micwstovins)  and 
I  have  pointed  out  some  others  hitherto  confounded  with  tho gohio, 
to  be  comparatively  studied  and  described. 

Asia  seems  also  to  possess  its  own  species,  but  they  are  as  yet 
imperfectly  known. 

I  know  not  less  than  ten  American  species,  many  of  which  are 
new,  and  all  are  distinct  from  those  of  Europe.     The}'  are  : 
Cottus  cognatus  Richards.      Faun.  Bor.  Amer.  in.  183G,  p.  40. 

Great  Bear  Lake  ;  Dr.  Richardson. 
Cottus  Richaudsonii  Agass.     Lake  Sup.,  1850. — Northern  shore 

of  Lake  Superior;  Prof.  Agassiz. 
Cottus  Bairdii  Grd. — Cottus  gohio  Kirtl.  Bost.  Jour.  Nat.  llist. 
V,  1847,  p.  342. — Body  subcylindrical,  short;  mouth  compar- 
atively large. —  Pennsylvania,  tributaries  of  the  Ohio  ;  Prof. 
Baird. — Molioning  River;  T.  P.  Kirtland. 
Cottus  meridionai.is  Grd. — Resembles  the  former,  but  the  tail  is 
tapering  away  more  rapidly.  The  mouth  is  also  a  little  larger. 
Enter  James  River  ;  Prof.  Baird. 
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CoTTUS    Franklinii    Agass.      Lake    Super.   1850. — Eastern    and 

Southern  shores  of  Lake  Superior  ;  Prof.  Agassiz. 
CoTTUS  viscosus  Hctld.     Suppl.  toaMonogr.  of  Limn,  etc.,  1840, 

p.  3. — Eastern  Pennsylvania;  Prof.  Haldeman,  Baird. 
CoTTUs  GRACILIS  Hcck.     Ann.  d.  Wien.  Mus.  ii,  1837,  p. — .   Uran- 

idea  qiciescens  Delvay.  New  York  Fauna,  1842,  p.  61.    PI.  v. 

fig.  14. — CottiLS gohio  Ayres,  Bost.   Jour.  Nat.  Hist,  v,  1845,  p. 

121;    PI.    XI. — New  York;    Ileckel,    DeKay. — Manchester, 

Conn. ;  O.  W.  Ayres. — Massachusetts  ;  Dr.  Storer. 
CoTTCS  BOLEOiDES  Grd.  Remarkable  by  its  slender  body  and  its 

fins  nmch  developed — Windsor,  Vt.  ;  Ed.  Cabot,  Dr.  Storer. 
CoTTU's  GOBioiDES  Grd.  Bod}'  thick  and  sliort ;  mouth  very  large. 

Burlington,  Vt.  ;  Rev.  Z.  Thomjtson,  Dr.  Storer. 
CoTTUs  Fabricii  Grd. — Cottus  gohio  Fabr.     Faun.  Groel.,  1780, 

p.  159.     Greenland;  Otlion  Fabricius. 


The  following  oral  communication  was  presented  at  the  General 
Meeting  in  the  evening  of  ^^esterday : — 

On  Animal  Morphology.     By  Prof.  Louis  Agassiz. 

Gentlevien  of  the  Association : — Before  I  proceed  to  illustrate  the 
subject  which  has  been  chosen  for  this  address,  I  propose  to  define 
what  is  meant  by  the  morphology  of  the  animallcingdom.  In  the 
progress  of  zoological  investigation,  during  the  study  of  the  structure 
of  animals,  and  their  mode  of  growth,  questions  have  arisen  which 
require  furtlier  investigations  than  those  to  which  naturalists  have 
been  devoted.  Up  to  the  present  time,  it  is  very  well  known  the  objects 
of  the  investigations  of  zoologists  have  been  chiefly  to  study  the  in- 
ternal structure  of  animals  ;  to  determine  their  true  relations  to  each 
other  ;  to  inquire'how  their  different  functions  are  performed  ;  to  as- 
certain how  they  grow  ;  to  compare  the  extinct  species  with  those  now 
living  ;  in  fine,  to  arrive  at  an  insight  into  their  different  relations, 
whetlier  structural,  physiological,  or  geological.  But  the  results  of 
those  investigations,  up  to  the  present  time,  have  led  only  to  classi- 
fications,— to  theories.  I  think  there  is  a  higher  aim  in  science  than 
mere  classification,  than  mere  theory,  however  wide  may  be  the  con- 
clusions derived  from  those  investigations.  It  is  ray  opinion  that  we 
are  to  seek  the  recognition  of  the  plan  according  to  which  animals 


412  PROCEEDINGS    OF    THE    AMEUICAN    ASSOCIATION 

have  been  created  ;  and  I  think  that  this  object  is  widely  different, 
both  from  classification  and  theory.  Classification  may  be  simpl}-  an 
ingenious  way  to  account  for  what  we  see,  entirely  derived  from  the 
efforts  of  our  own  intellect,  and  sufficiently  elaborate  to  be  satisfac- 
toiy  to  our  minds  ;  but  the  question  which  we  have  to  settle,  in  my 
judgment,  is  whether  there  is  really  in  creation  a  plan  which  does 
not  result  merel}'  from  our  contrivances  to  illustrate  the  subject  be- 
fore us,  but  which  is  inherent  in  nature  ;  wliether  the  animal  kingdom 
is  constructed  upon  such  a  plan  independent  of  our  recognition  of 
it ;  and  whether  our  recognition  of  the  plan  will  not  carry  us  to  the 
recognition  of  the  cause  and  origin  of  the  animal  kingdom  itself. 

By  stud}',  we  have  approached  towards  the  knowledge  of  the  plan 
displayed  in  the  animal  kingdom.  "We  have  been  able  to  trace  many 
relations  which  could  not  be  ascertained  at  first  sight.  We  have  dis- 
covered relations  which  remained  unintelligible  until  extensive  com- 
parisons had  been  made,  giving  us  an  insight  into  them.  "We  have 
raised  tiie  question,  whether  there  is  not  reall}' in  the  animal  kingdom, 
a  plan  illustrating  the  principle  of  its  origin.  To  express  it  in  one 
word,  we  have  been  led  to  consider  the  animal  kingdom  not  merely 
as  a  beautiful  combination  of  isolated  phenomena,  easily  brought  into 
intelligible  connection  by  the  efforts  of  our  minds,  but  as  a  Thought 
of  a  Supreme  Intelligence  manifested  in  material  reality.  That  is 
the  view  I  take  of  the  animal  kingdom  ;  a  view  which  greath'  differs 
from  the  one  generally  entertained  regarding  it.  Is  it  possible  to 
reconcile  what  we  know  at  present  of  the  animal  kingdom  with  the 
idea  that  in  all  its  diversity,  it  has  sprung  up,  as  it  were,  from  inor- 
o-anic  nature,  has  been  developed  upon  the  surface  of  our  earth,  and 
now  presents  this  gradual  unfolding  into  three  various  yet  analogous 
forms,  upon  a  plan  intelligible  to  man,  and  all  this  simply  owing  to 
its  real  existence,  and  to  the  fact  that  man  is  an  intelligent  being? 
Or  do  the  relations  which  exist  in  nature  show  satisfactorily  that  all 
classes  of  animals  and  all  individual  animals  are  partial  expressions 
of  a  general  thought  and  manifestations  in  material  reality,  of  a 
plan  laid  out  by  a  Supreme  Intelligence? 

It  is  next  my  object  to  describe  the  manner  in  which  we  should 
ascertain  the  probable  correctness  of  one  or  the  other  of  these  views. 
The  first  point  of  the  investigation  would  be  to  examine  at  once 
whether  it  can  be  shown  that  it  is  a  correct  view  of  nature  to  consider 
it  as  the  manifestation  of  the  thoughts  of  the  Creator.  Again,  we 
should  have  a  strong  inference  that  the  animal  kingdom  is  simplj'  the 
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result  of  natural  causes,  if  it  could  be  sho\Yn  that  animals  of  vari- 
ous kinds  are  evolved  from  each  other,  under  different  circumstances. 
But  extensive  as  have  been  the  investigations  of  geologists  there 
has  not  been,  up  to  the  present  day,  a  single  instance  discovered 
from  which  it  could  be  shown  or  inferred  that  tlie  various  kinds  of 
animals  which  are  found  in  the  different  strata  composing  the  crust 
of  our  globe,  were  derived  from  those  existing  at  a  prior  epoch. 
On  the  contrary',  in  every  one  of  these  successive  beds,  we  find 
different  kinds  of  animals,  bearing,  no  doubt,  some  relation  to  each 
other,  and  sometimes  so  much  resembling  each  other  in  the  succes- 
sion of  time,  or  in  the  changes  which  the}'  undergo,  from  the  germ 
to  the  full  grown  individual,  that  we  are  very  apt  to  consider  this 
succession  of  individual  types  as  a  natural  reproduction  of  the 
changes  which  the  full  grown  animal  undergoes.  But  to  my  mind, 
this  impression  seems  a  mistake.  We  perceive  by  our  intelligence, 
the  connection  between  all  these  animals,  and  because  this  connec- 
tion is  in  accordance  with  the  law  of  our  thoughts,  we  readily  infer 
that  it  is  the  cause  of  the  existence  of  beings,  between  which,  after 
all,  we  are  unable  to  discover  an}' material  connection.  In  order 
that  this  material  connection  should  be  considered  as  an  evidence 
of  a  growth  of  the  latter  forms  from  the  earlier  ones,  it  were  neces- 
sary that  some  later  group  of  animals  should  be  traced  back  to  an 
older  type,  as  its  ancestor,  which  has  never  been  done. 

There  are  periods  in  the  historj'  of  our  globe  when  fishes  are  the 
only  type  of  the  vertebrated  animals.  There  is  a  later  period,  when 
reptiles  are  added  to  the  fishes.  There  is  a  still  later  period,  when 
birds  and  mammalia  are  added  to  the  reptiles  and  fishes.  Now, 
though  the  earliest  fishes  are  not  much  like  the  fishes  of  the  pres- 
ent day  ;  though  the  earliest  reptiles  have  characteristics  which  we 
find  only  in  fishes  at  present ;  though  the  earliest  reptiles  have 
characteristics  which  remind  us  of  the  birds  and  mammalia  which 
follow  at  a  later  epoch  ;  there  is  not  one  case  from  which  we  can 
infer  that  the  first  reptile  which  existed  was  born  from  a  fish,  or  that 
the  first  mammal  which  existed  was  produced  by  a  reptile,  which 
should  be  the  case,  if  we  were  to  admit  such  an  evolution  of  the 
different  later  types  out  of  the  earlier  ones.  Therefore,  I  conclude 
that  it  is  a  mistaken  impression  of  our  minds,  that  it  is  a  misap- 
prehension of  the  operation  of  our  intelligence,  when  the  apparent 
connection  which  exists  in  the  order  of  succession  of  all  these  be- 
ings is  taken  for  a  causal  connection. 
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But  there  is  nnother  point  of  view  in  which  we  may  consider 
these  phenomena.  Suppose,  for  a  moment,  tliat  all  tliat  exists  was 
produced  by  a  Supreme  Intelligence — I  speak  as  a  scientific  man, 
allowed  to  take  no  evidence  from  other  quarters  than  investigation, 
and  therefore  I  must  make  this  as  a  supposition,  a  merely  possible 
case, — suppose  that  these  beings  originated  in  a  Supreme  Intelli- 
gence, and  that  the  operations  of  our  mind  were  in  accordance, 
though  in  a  much  lower  sphere,  with  the  plans  laid  out  by  this  Su- 
preme Intelligence,  how  easily  might  this  accordance  and  this  har- 
mony lead  us  to  take  what  has  been  the  result  of  a  higher  Intelligence, 
as  a  causal  connection,  to  which  we  should  assign  the  different  de- 
velopments !  Have  we  not  sometimes,  in  reading  the  works  of  an 
author,  felt  as  if  we  had  written  what  we  rGiid,when  we  only  under- 
stood it?  Have  we  not  felt  as  if  we  originated  thoughts  which  we 
receive  from  others?  Shall  we  not  then  concede  for  a  moment  the 
.possibility  that  the  thoughts  we  derive  from  looking  at  tlie  works  of 
nature,  may  not  be  the  expression  of  a  causal  connection  between 
those  phenomena,  but  merely  an  impression  like  that  in  which  the 
writings  of  another  author  we  recognize  the  image  of  similar  thoughts 
in  our  minds  ;  and  that,  therefore,  instead  of  allowing  these  phe- 
nomena to  lead  us  to  support  the  view  of  those  who  attribute  to 
natural  causes  the  production  of  the  creation  we  see  before  us,  we 
should  recognize  in  the  harmony  that  exists  between  the  operations 
of  our  minds  and  the  plan  which  we  discover  in  nature,  another  evi- 
dence that  we  are  made  in  the  image  of  Him  whocreated  every  ma- 
terial thing,  and  are  endowed  with  the  ability  to  understand  the 
plan  upon  which  He  has  formed  these  varied  creations? 

I  have  taken  this  as  a  supposition.  Now  let  us  see  whether  we 
have  in  nature  any  evidence  that  there  is  such  an  intellectual — not 
material — connection  between  the  phenomena  which  we  discover  in 
therelationsof  tlie  different  animals  througliout  the  animal  kingdom. 

Our  investigations  have  allowed  us  to  distinguish  in  the  whole 
animal  kingdom  four  types — Vertebrata,  Articulately  Molbisca,  and 
liadiata.  These  fourtypes,  anatomists  have  shown  to  differ  in  their 
structure,  and  to  differ  so  widely  that  wliile  tlierc  were  attempts 
made  to  discover  a  gradual  unique  series  throughout  tlie  whole  ani- 
mal creation,  a  simple  series  passing  througli  all  created  beings,  it 
has  finally  been  found  impossible  to  avoid  the  fundamental  dis- 
tinction between  tliese  four  types,  wliich  are  so  distinct  as  not  to 
form  a  natural  gradation  from  the  lower  to  the  higher.  Let  me  ex- 
plain more  precisely  this  result,  by  the  following  table  : 
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Vertebrata.  Articulata.  Mollusca.  lladlata. 

Mammtilia,  Insects,  Cuttle-fishes,     Starfishes, 

Birds,  Crustacea,  Snails,  Jelly-fishes, 

Reptiles,  "Worms.  Claras.  Pol^'pi. 

Fishes. 
Among  the  Vertebrata  we  have  four  classes  ;  among  the  Articu- 
lata three  classes  ;  among  the  Mollusca,  .three  classes  ;  and  among 
the  Hadiata,  three  classes,  of  which  I  give  here  the  common  names 
instead  of  the  Greek,  to  remind  you  at  once  of  some  of  their  repre- 
sentatives. Now,  if  there  was  a  single  series  in  this  animal  king- 
dom, without  aii}^  break,  we  should  find  that  the  highest  of  the  lia- 
cliata  should  resemble  most  the  lowestof  the  J/b//»sca;  that  the  high- 
est o^  Mollusca  should  resemble  the  lowest  o?  Articulata  ;  and  that 
the  highest  Articulata  approached  the  lowest  Vertebrata.  Now,  on 
the  contrary,  the  fact  is,  that  if  we  look  for  the  most  striking  diver- 
gence between  the  types  of  these  diff"erent  groups,  we  shall  always 
find  them  between  the  highest  of  a  lower  type  and  the  lowest  of  the 
type  next  above.  So  that  there  is  a  plain  evidence  in  the  nature 
of  the  phenomena  themselves  that  the  animal  kingdom  cannot  be 
considered  as  a  series  of  successive  developments.  Starfishes  and 
sea-urchins,  are  those  Radiata  which  differ  most  from  clams,  the 
lowest  of  the  Mollusca.  What  resemblance  can  there  be  between  an 
03'ster  and  a  starfish  ?  As  little  as  we  can  imagine  between  two  dif- 
ferent beings,  belonging  to  the  same  kingdom.  What  resemblance 
is  there  between  a  cuttlefish  and  a  worm  ?  What  resemblance  is 
there  between  a  butterfly,  the  highest  type  of  insects,  and  a  fish? 
It  is  plain  that  such  a  series,  as  the  expression  of  the  true  relations 
between  animals,  cannot  be  acknowledged. 

These  four  t3'pes  are  so  distinct  that  all  the  results  of  modern  in- 
vestigations in  embr3'ology,  in  comparative  anatomy',  in  the  minute 
comparison  of  external  forms,  gradually  lead  us  more  and  more  to 
consider  them  as  completely  different,  and  to  recognize  in  each  a 
particular  plan  of  structure,  a  plan  which  can  be  expressed  under 
simple  formula,  so  uniform  is  the  structure  of  all  those  belongino- 
to  the  same  type,  though  in  form  they  may  differ  widel}-.  For  the 
type  of  Radiata,  we  may  put  down,  as  representing  their  true  or- 
ganic character,  the  figure  of  a  star.  The  details  of  their  structure 
are  all  framed  upon  bases  to  which  a  star  would  be  the  most  general 
expression.  Polypi  are  radiated  in  their  fringes.  Jelly-fishes  are 
radiated  in  their  structural  arrangement.     And  the  most  careless 
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observer  must  perceive  that  the  starfish  is  radiated,  as  its  name  in- 
dicates, in  every  language,  not  onl}^  among  civilized  nations,  but 
even  among  savages. 

MoUusca  have  an  entirel}^  different  structure.  You  perceive  no 
radiated  arrangement.  The  parts  are  symmetrical  along  the  two 
sides  of  a  longitudinal  axis,  with  the  anterior  extremit}' distinct  from 
the  posterior  extremity,  from  which  we  ma}'  distinguish  the  upper 
and  lower  regions.  In  the  star-shaped  type,  we  have  no  above  or  be- 
low,unlessweassumethattheopeningofthe  mouth  iseitherabove  or 
below,  and  then  w-e  are  left  to  make  an  arbitrary'  decision  as  to  which 
■we  shall  consider  it.  The  mode  of  development  in  MoUusca  is  such 
that  we  are  able  to  express  it  in  a  simple  figure  which  shall  indicate 
their  form  by  an  oval,  shut  Iw  the  reunion  of  the  two  margins  uniting 
below.  I  might  enter  into  many  embryonic  and  anatomical  illus- 
trations to  show  the  correctness  of  this  emblem,  but  I  must  either 
suppose  that  they  are  known  to  you,  when  it  would  be  useless  to 
repeat  them,  or  that  they  are  unknown,  in  which  case  what  I  might 
be  able  to  state  in  several  hours  would  not  add  an3'thing  material 
to  the  evidence  of  what  1  have  to  sa}'.  I  therefore  rather  take  the 
facts  as  stated  by  physiologists  and  anatomists  as  granted,  in  or- 
der to  trace  the  course  of  reasoning  which  I  have  marked  out. 

Among  Articulata.yve  have  also  symmetrical  forms..  The}'  have 
two  sides,  and  distinct  heads,  an  above  and  below  ;  but  the  man- 
ner in  which  they  are  developed  in  the  egg  so  differs  from  the  de- 
velopment of  MoUusca,  that  though  we  may  express  them  both  by  a 
longitudinal  line,  yet  to  express  the  typical  difference,  we  must  make 
a  distinction.  The}'  disagree, not  in  being  symmetrical,  but  in  the 
manner  in  which  the  symmetiy  is  established.  We  may  have  a  bi- 
lateial  symmetrical  arrangement  connecting  them  all,  but  the  body 
of  Artivulota  is  transversely'  divided  into  movable  joints,  and  the 
germs  unfold  backwards.  So  among  insects  we  have  a  mode  of 
development  which  is  the  reverse  of  what  we  have  in  MoUusca,  that 
is  to  say,  thegorminative  membrane,  instead  of  folding  downwards 
and  uniting  at  the  lowej-  surface  of  the  animal,  folds  from  below,  up- 
wards, and  the  two  sides  of  the  membrane  unite  upon  the  back.  You 
have  seen,  no  doubt,  the  skin  of  a  locust,  or  the  chrj'salisof  a  butter- 
fly, opening  upon  the  back.  This  is  exactly  the  reverse  of  what  we 
observe  in  MoUusca;  so  here  we  have  the  emblem  of  the  Articulata  in 
an  oval  shut  above  b}' the  reunion  of  its  two  primitive  margins.  AVc 
liave  emblems,  as  it  were,  to  represent  the  different  thoughts  which 
lie  at  the  bottom  of  these  structures,  or  the  plans  upon  which  they  are 
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made  ;  ami  these  plans,  as  you  see,  diffei*  so  much  as  to  present  no 
possibilit}'  of  being  reconciled  one  to  another.  At  least,  this  is  the 
impression  of  naturalists  of  the  present  da3'.  It  seems  as  if  there 
was  an  absolute  barrier  between  these  different  tj'pes,  as  if  we  had 
here  gained  an  evidence  of  the  deep  foundation  of  these  separate 
plans,  a  cause  deeper  than  local  circumstances  and  i)hysical  causes, 
as  these  plans  are  common  to  many  different  animals  living  ever}'- 
where  together. 

Vertebrata  ma}^  also  be  expressed  by  an  embrj'onic  sign,  in  the 
form  of  an  8.  I  shall  onh'  state  that  this  body  is  divided  into  two 
cavities,  one  above  and  one  below  ;  the  lower  containing  the  heart, 
the  respiratory  organs,  and  all  those  organs  connected  with  the  ali- 
mentar}'  canal,  which  preside  over  the  functions  by  Avhich  life  is 
maintained  ;  while  the  upper  cavity  contains  the  nervous  S3'stera, 
the  brain  and  the  spinal  marrow.  These  organisms  present  apian 
of  structure  entirely  peculiar.  There  is  here  again  no  apparent  con- 
nection between  them  and  the  other  types.  I  have  already  sliown 
3'ou  that  Artic^data  differ  fvom.  Mollusca  in  having  articulations  all 
along  their  bodies,  instead  of  presenting  a  continuous  undivided 
mass  like  slugs.  The  bod}-  of  the  Articulata  is  divided  into  rings  ; 
and  besides  this  development  of  their  external  characters,  thei-e  are 
additional  differences  exemplified  in  these  types,  as  well  as  in  the 
two  others.  AVe  ma}',  therefore,  take  the  four  emblematic  signs 
just  introduced,  as  representing  the  four  great  divisions  of  the 
animal  kingdom  ;  as  representing  the  four  different  plans  upon 
which  they  are  constructed,  as  exemplified  by  their  differences. 

In  this  investigation  I  have  one  farther  step  to  trace  :  Are  really 
all  these  classes  created  upon  their  several  plans  —  Vertebrata  upon 
this,  Articulata  upon  this,  Mollusca  upon  this,  and  Radiata  upon 
that — and  is  there  no  transition  from  one  plan  into  another?  It 
has  been  the  oliject  of  naturalists  for  the  last  forty-two  years  (it 
originated  with  Gothe,  and  was  extended  by  Oken  and  others)  it 
has  been  the  object  of  the  continued  efforts  of  all  anatomists  and 
physiologists,  to  trace  the  resemblance  which  exists  between  the 
diversified  parts  of  the  body  of  the  animals  belonging  to  these 
different  types.  Among  the  Vertebrata^  the  evidence  has  been 
completely  conclusive.  There  is  no  one  at  all  conversant  with  com- 
parative anatomy  who  does  not  know  that  there  is  no  doubt  left  as  to 
the  identity  of  the  structure  of  fishes  and  mammalia.  The  human 
frame  is  constructed  upon  the  same  plan  with  that  of  fishes.  There 
is  in  both  ahead,  with  movable  jaws  in  the  face,  which  correspond  => 
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to  each  other  so  closely  that,  notwithstanding  the  diiference  of  form, 
any  individual  bone  in  the  one  can  be  referred  to  its  corresponding 
t^'pe  in  the  other.  We  have  backbones  consisting  of  the  same  ele- 
ments, and  identical  in  their  foundation,  tlnoughout  the  vertebrated 
tj'pe.  If,  then,  the  extremes  so  resemble  each  other,  I  need  not 
point  out  the  evidence  that  birds  and  reptiles  agree  also.  The  iins, 
pectoral  and  ventral,  in  fishes,  correspond  to  the  organs  of  locomo- 
tion in  other  Vertebrata  ;  the  ventral  fins  corresponding  to  the  hind 
legs,  and  the  pectoral  fins  to  the  fore  legs,  the  arms,  or  the  wings. 
The  different  forms  which  these  organs  assume  are  no  more  difierent 
to  the  eye  of  a  trained  anatomist,  than  if  they  were  constructed  of 
the  same  individual  parts,  and  possessed  the  same  external  appear- 
ance. The  wing  of  a  bat,  the  arm  of  a  man,  are  the  same  apparatus, 
in  the  eye  of  every  anatomist ;  and  the  resemblance  is  as  plain  to 
him,  as  any  mathematical  demonstration  can  show  to  the  geometer 
the  identity  of  figures  which  at  first  do  not  seem  to  have  direct  relation. 
Tliis  evidence  is  generall}^  acquired  by  tracing  intermediate 
forms  ;  by  finding,  for  instance,  animals  with  elongated  arms,  wliich 
present  a  form  intermediate,  between  the  wing  and  the  common  form 
of  an  arm,  or  the  fin  of  a  seal.  Embryology  has  shown  that  the 
extremities  of  mammalia  are  all  identical  in  their  structure,  and  that 
the  wing  of  a  3'oung  bird,  the  fin  of  a  young  turtle,  or  the  fore  leg 
of  a  rabl)it  or  squirrel,  have  the  same  identical  form  ;  and  that  the 
differences  which  they  assume  are  only  the  results  of  later  develop- 
ment in  their  growth.  I  have  poiiited  to  this  one  series  of  facts  to 
show  in  what  manner  the  identity  of  structure  maybe  traced.  And 
I  will  add  that  the  identity  of  all  the  different  systems  of  organs  has 
been  traced  in  several  classes  as  fully  as  that  of  the  solid  bony  frame, 
or  the  organs  of  locomotion.  The  brain  of  all  Vertebrata,  whether 
in  man  or  fish,  however  different  the  size,  however  diff'erent  the 
function  performed  b}-  this  organ,  has  the  same  structure.  Tiiey 
only  differ  in  the  intrinsic  development  of  the  parts,  and  the  amount 
of  power  with  which  the}^  are  endowed  in  accordance  wifh  tlieir  dif- 
ferent development.  The  resemblanceof  all  the  parts  may  be  traced 
from  the  lowest  fish  to  tlie  highest  mammalia,  man  himself;  and  in 
all  we  have  only  modifications  of  form  with  the  same  arrangement  of 
parts.  Thus  we  may  take  any  figure  which  represents  this  type,  as 
a  kind  of  unit  upon  which  we  may  argue  as  we  might  wifh  the 
whole  series  b}' enumerating  successively  all  its  members.     Speak- 
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ing  of  Vertebrata,  therefore,  I  sbtiU  speak  of  them  as  a  unit.  ,  And 
so  I  may  do  in  speaking  of  insects,  Crustacea,  and  worms  ;  tlie  dif- 
ferent rings  of  wliich  tlie  bodies  of  worms  are  composed,  the  little 
appendages  of  stiff  hairs,  inserted  upon  these  rings,  are  only  the 
lower  condition  of  the  complicated  apparatus  existing  in  insects, 
where  there  are  legs;  where  there  are  a  distinct  head,  a  distinct 
chest,  and  different  parts  of  the  body  :  and  where  in  addition  there 
are  wings  in  greater  or  smaller  number.  Even  all  this  complication 
can  be  reduced  to  one  ideal  unit,  which  is  represented  by  the  form 
I  have  already  described. 

It  is  plain  that  it  is  among  the  lowest  Articulata  that  we  find  in- 
dications of  a  closer  resemblance  to  the  Vertehrata.  There  is 
scarcely  an^^  resemblance  between  the  lowest  fishes  and  the  highest 
Articulata;  but  there  is  a  real  resemblance,  in  many  respects,  be- 
tween the  lowest  fishes  and  the  worms.  We  have  evidence  which 
shows  that  all  t3'pes  arise  from  a  foundation  where  scarcely  any 
difference  is  yet  introduced,  but  with  different  modes  of  develop- 
ment ;  so  that  all  these  forms,  which  at  the  outset  come  so  near 
together,  diverge  upon  different  plans,  and  tend  to  different  ends. 

Mollusca  seem  to  differ  so  widely,  that  it  is  almost  impossible  to 
trace  such  a  resemblance  between  their  different  members  as  we  find 
among  Vertehrata;  and  indeed  no  attempt  to  identify  the  various 
elements  of  their  structure  has  been  made  of  late.  Nor  has  it  been 
attempted  among  i?arfmto.  The  differences  between  the  structure  of 
starfishes  and  echini  have  even  been  misunderstood — both  these  fam- 
ilies being  highly  complicated,  presenting  apparatus  as  widely  dif- 
ferent from  each  other,  and  as  complicated  in  their  adaptations,  as 
the  highest  Articulata.  This  complication  of  structure  has  made  it 
almost  impossible  to  trace  the  correspondence  which  exists  between 
these  highest  Radiata  and  the  low Qs,t  Polypi.  But  having  been  in- 
duced to  make  these  animals  the  subject  of  special  investigations,  I 
have  traced  these  analogies,  and  have  satisfied  myself  that  there  is 
as  great  a  resemblance  between  the  extremes,  in  these  lower  classes, 
as  between  the  extremes  in  the  higher  classes  ;  so  that  the  whole 
range  of  Mollusca — cuttle-fishes,  snails,  and  bivalves,  or  clams — 
are  constructed  not  onl}'  upon  the  same  general  plan,  but  their  dif- 
ferent parts  correspond  precisely.  I  will  not  go  through  the  illus- 
tration of  these  facts,  as  I  have  already'  made  that  the  subject  for 
a  communication  to  one  of  our  Sections  ;  but  I  will  only  repeat  the 
conclusion  at  which  I  have  arrived  in  these  investigations, — that 
we  can  trace  among  Mollusca  and  Madiata,  the  same  identity  of  the 
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details  in  the  arrangement  of  the  parts — tlie  same  identit}'  of  plan 
in  which  the  development  is  carried  out  in  the  different  classes  of 
the  type — as  has  been  traced  in  Arlicidata  and  Vertebrata.  So  that 
we  can  arrive  finally  at  this  conclusion  :  that  each  type  is  reall}'- 
constructed  upon  a  peculiar  plan,  and  that  all  the  members  of  each 
type,  however  diversified  among  themselves,  can  be  reduced  to  one 
simple  formula — to  one  simple  expression. 

I  have  attempted  not  only  thus  to  represent  these  different  types, 
as  distinct  plans,  but  to  illustrate  their  unity.  I  would  now  ask 
whether  there  is  no  connection  to  be  discovered  between  them — if 
we  have  arrived  at  the  last  conclusion  of  our  investigations — to 
acknowledge  four  distinct  plans  of  the  animal  creation,  differing  in 
their  arrangement ;  or  whether  the^^  are  not  to  be  reconciled  to  one 
thought :  whether  there  is  an  intellectual  connection  between  these 
plans,  showing  that  they  are  the  realization  of  a  preconceived,  and 
hence  intelligent  and  intended  plan  laid  out  before  their  creation, 
and  carried  out  in  reality,  in  a  succession  of  types?  If  I  succeed 
in  showing  that  there  is  such  an  intelligentconnection  between  these 
plans,  then,  I  think,  I  shall  have  shown,  on  scientific  grounds  alone, 
that  we  are  to  bow  before  a  Supreme  Intelligence,  and  acknowledge 
in  science  what  we  feel  so  deeply  in  our  bosoms. 

How  are  we  to  consider  the  expression  of  the  lowest  t^-pe  (the 
star-shaped  emblem  of  Hacliata)  ?  Let  us  look  at  it  from  an  embry- 
ological  point  of  view.  I  have  alluded  to  the  fact,  that  lladiata 
begin  low  in  their  series,  with  Polypi;  Mollusca  begin  low  in  their 
series,  with  Acejihala,  or  the  03'ster  family  ;  Articulata  begin  with 
worms  ;  and  Vertebrata  begin,  in  their  series,  with  fishes.  There 
is  little  resemblance  in  the  forms,  or  in  the  characteristics  even,  of 
the  lowest  representatives  of  all  the  types,  in  their  full-grown  con- 
dition— though  they  come  nearer  to  each  other  than  the  higher  ones 
of  the  same  type.  Now  let  us  trace  them  prior  to  their  full-grown 
condition — in  the  egg — and  see  what  we  can  learn  from  embryonic 
evidence.  I  shall  be  compelled  to  be  very  short,  and  perhaps  ob- 
scure on  that  account,  for  I  shall  be  forced  to  make  statements,  in- 
stead of  giving  evidence  ;  but  I  hope  that  in  referring  to  material 
facts,  I  shall  be  trusted  in  my  quotations. 

One  of  these  material  facts,  resulting,  from  our  embrj^onic  investi- 
gations, is,tliat  all  animals,  without  exception,  arise  from  eggs  ;  and 
that  all  these  eggs  are  identical ;  that  they  are,  at  the  outset,  spheres. 
But  this  is  the  plan  of  structure  of  ever}^  Radiate  at  the  beginning. 
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It  is  the  plan  of  structure  of  everj^  Mollusc,  o(  every  Articulate,  and 
of  every  Vertebrate.  They  all  start  from  a  uniform  structure.  AVhat- 
ever,  therefore,  may  be  the  difference  in  the  fall-grown  species,  they 
commence  with  a  material  unity,  wliich  is  led  into  material  differ- 
ence in  the  process  of  time.  Without  illustrating  the  changes 
which  liacliata  undergo,  we  have  finally,  in  the  full-grown  animal, 
the  form  of  the  Polypi,  the  3Iedusce,  or  the  Echinoderms,  where  we 
had  originally  a  simple  egg.  This  egg,  though  at  first  a  simple 
spherical  cell,  of  various  size, — as  in  the  bird's  egg,  or  the  egg  of 
the  tortoise,  and  even  of  mammalia, — produces  lladiata  of  all 
types,  according  to  their  species.  Therefore,  we  see  that  a  simple 
egg  may  grow  into  a  large  material  being,  with  all  the  apparatus 
necessary  to  sustain  life.  So  we  may  say  that  all  Radlata  are 
living  eggs,  with  an  opening  to  establish  a  communication  with  the 
surrounding  world.  This  opening  may  be  placed  downwards,  or 
n\Ky  be  placed  upwards.  The  animal  may  move  in  all  directions 
— ma}'  even  move  with  the  opening  forwards — but  nevertheless,  in 
every  instance,  preserves  its  spherical  form. 

The  Mollusca  seem  to  differ  widely,  since  when  full-grown  they 
have  a  longitudinal  axis.  But  the  elongation  arises  from  the  develop- 
ment of  a  sphere.  Conceive  a  sphere,  in  the  type  of  Radiata,  to  be 
elongated  in  the  direction  of  the  opening,  and  j'ou  have  the  regular 
sphere  of  the  Badiata,  passing  into  the  oval-shixped  Mollusca.  The 
snail  is  an  elongated  sphere,  the  opening  of  which  is  at  one  end,  and 
the  body  of  which  is  split  below.  The  split  remains  open  in  the  oys- 
ter. The  two  sides  of  the  split,  from  the  mouths  of  the  shell  of  the 
03'ster  being  raised  and  somewhat  reduced,  will  form  the  walls  of  the 
mantle  and  shell  of  the  snail,  which  creeps  upon  the  muscular  part 
which  remains  concealed  between  the  valves  of  the  03'ster.  Then  the 
anterior  extremit}' of  the  oyster,  being  surrounded  by  peculiar  appen- 
dages, and  growing  somewhat  larger,  will  become  ahead,  Avhich  may 
move  forwards  as  in  the  snail,  in  which  the  progressive  impulse  given 
in  the  lowest  condition  of  the  oyster  is  still  made  more  prominent. 

And  here  we  have  the  first  indication  of  the  sphere  passing  into 
the  elongated  form  ;  tlie  radiated  tj'pe  passing  into  the  type  of  the 
Mollusca,  though  in  their  full-grown  condition,  there  is  not  a  possi- 
bility of  reconciling  one  w'ith  the  other.  I  will  not  go  farther  into  the 
illustration  of  the  facts.  I  can  only  say,  that  among  Articidaia  the 
split  is  upon  the  back,  and  as  the  parts  develop  the  folds  bend  back- 
wards ;  that  there  are  transverse  articulations  formed  besides  the 
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main  longitudinal  cavity.  In  T'^erte^ra^a  the  inner  division  is  two-fold. 
Now,  these  differences  are  progressive  steps  in  the  development. 
The  connection  which  we  thus  perceive  is  not  material ;  it  is  perceived 
by  an  argumentation,  and  nevertheless  it  is  real.  But  it  is  perceived 
because  we  go  bej^ond  the  form  to  the  development  of  the  idea  which 
was  the  cause  of  the  form.  It  is  the  ideal  image  which  we  perceive  ; 
it  is  the  process  which  is  before  you.  You  see  the  idea  developing, 
as  when  you  observe  the  artist  before  his  canvas,  upon  which  there 
is  as  yet  nothing, but  upon  which  soon  appears  the  idea  of  his  mind. 
The  connection  between  these  lower  creations,  in  their  development 
from  an  identical  form,  upon  different  t3-pes  of  structure,  shows  that 
it  is  the  plan  of  an  intelligent  being,  capable  of  understanding  it, 
and  of  referring  each  to  its  true  place.  If  it  were  not  so,  why  should 
not  all  these  eggs  continue  in  the  same  state  ;  or  why  should  the  same 
causes  produce  from  the  egg  such  a  variety  of  animals?  In  the 
same  sheet  of  water,  the  egg  of  the  Radiata,  of  the  Mollusca,  and 
of  Fishes,  are  placed  under  the  same  circumstances.  If  they  were 
not  primitively  endowed  with  an  immaterial  i)ower  of  developing 
materially  various  forms,  why  should  they  not  go  on  in  the  same 
unity  of  structure  ?  We  have  therefore  evidence,  as  plain  as  can  be, 
that  there  is  an  immaterial  principle  in  every  one  of  these  germs, 
which  is  the  reflection  of  a  part  of  the  whole  plan,  and  the  connec- 
tions of  which  are  so  complicated  as  to  hint  constantl}'  from  one 
part  to  another,  as  the  connections  which  exist  between  these 
animals  are  not  only  structural  and  genetic,  but  are  also  successive 
in  time,  as  I  shall  now  presently  show. 

These  different  growths,  these  different  modifications  in  the  forms, 
typify  as  it  were,  the  successive  changes  which  have  taken  place  at 
different  periods  in  each  complicated  structure.  Geology  has  taught 
us  that  there  is  a  succession  of  different  types  ;  that  in  the  earliest 
period  of  the  creation  or  development  of  our  globe,  onl}^  certain 
of  these  ])eings  were  created  ;  at  a  later  period,  others  were  intro- 
duced ;  and  at  a  still  later  period,  still  others;  and  so  on.  Now 
Avhat  is  the  order  of  this  succession?  It  agrees  exactl}'^  in  all  its 
details  with  the  gradation  which  we  observe  wlien  we  trace  simply 
the  structure  of  embryonic  forms  ;  so  that  the  order  of  succession 
is  only  another  form  for  the  expression  of  the  same  thought. 

We  find  in  the  oldest  representative  of  any  of  these  t3'pes,  the 
condition  of  the  earlier  embryonic  states  of  any  of  those  living  at 
present,  which  belong  to  a  higher  family  of  the  same  type.  AVhether 
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we  look  among  the  Vertebixita,  or  among  the  Articulata,  or  the  3Tol- 
hcsca,  or  tlie  Madiata,  it  can  be  shown  b}'  evidence  derived  from 
palaeontolog}'  and  geology,  that  the  older  are,  as  it  were,  the  embry- 
onic forms  of  those  which  live  in  our  dny  ;  that,  for  instance,  the 
first  Crustacea  which  existed  resembled  images,  grown  to  fidl  size, 
of  the  first  stages  of  development  which  we  observe  in  the  egg  of 
our  lobsters  or  crabs  ;  that  the  earliest  starfislies  which  existed, 
were  tlie  living  representatives  of  the  earliest  microscopic  forms 
which  we  observe  in  our  starfishes  when  they  are  forming  within  the 
egg.  The  egg  or  reproductive  cell  is,  therefore,  in  ever}'  point  of 
view,  morphological!}',  anatomically,  embryologicall}',  or  geologi- 
call}',  the  organic  unit  of  the  animal  kingdom. 

But  in  the  succession  of  organized  beings  we  find  such  a  prog- 
ress, that  tracing  all  these  relations  we  arrive  at  man  as  the  last. 
He  is  b}^  his  structure  the  highest.  He  is  in  the  order  of  succession 
the  last.  And  as  we  have  traced  all  these  different  connections 
with  reference  to  the  plan  laid  out  at  the  beginning,  at  what  con- 
clusion do  we  arrive  in  the  most  direct  manner?  It  is  that  the 
creation  of  man  was  the  aim  of  tlie  plan  from  the  beginning.  And 
in  a  higher  view,  and  without  any  reference  to  utilitarian  considera- 
tions, we  may  say  that  this  world  has  been  made  for  man  ;  for  man 
was  the  object  which  the  Creator  had  in  view  when  he  framed  the 
plan  for  the  development  of  this  globe.  And  if  this  be  the  case, 
let  us  never  forget  what  a  responsibility  it  throws  upon  us,  to  be 
the  object  of  such  a  development,  and  the  close  of  such  a  magnifi- 
cent construction  as  that  which  we  have  before  our  ej'es  every  da}' ; 
and  let  that  be  the  fullest  evidence  that  man  was  created  in  the 
imaae  of  his  God. 


On  some  Points  of  Linguistic  Ethnology:  with  Illustrations, 

CHIEFLY  from  THE  ABORIGINAL  LANGUAGES  OF    AMERICA.       By 

Prof.  S.  S.  Haldeman,  A.M. 
The  classification  of  the  elements  is  of  great  importance  in  the 
study  of  language,  and  1  am  convinced  that  a  distribution  of  the 
consonants  into  contacts,  as  proposed  in  a  rude  way  by  the  Abbe 
Sicard,  is  the  only  proper  mode.  These  are  essentially  five,  the 
labial,  dental,  palatal,, guttural,  and  glottal.  There  are,  however, 
some  intermediate  ones,  or  sub-contacts,  which  raise  the  number  to 
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ten^  each  containing  in  general  eight  consonants,  but  as  this  number 
ma?/ be  doubled,  the  entire  number  of  consonants,  in  case  all  tlie 
blanks  were  filled,  would  amount  to  160,  or  even  to  200,  if  the  cere- 
bral and  trilled  varieties  included. 

The  latest  work  on  the  sounds  emplo3'ed  in  speech  is,  The  Essen- 
tials of  Phonetics,  by  A.  J.  Ellis,  A.  B.,  founded  upon  researches 
in  the  chief  languages  of  Europe,  which,  although  prepared  with 
judgment,  is  clothed  in  an  alphabet  full  of  corruptions  ;  primarily 
adapted  to  English  alone,  and  being  intended  to  replace  the  ordin- 
ary one,  the  most  unjustifiable  concessions  were  made  to  the  pres- 
ent spelling  of  English.  The  common  sense  of  Europe,  Polynesia, 
Africa,  and  a  great  part  of  America,  as  well  as  those  to  whom  these 
literary  husks  are  offered,  if  made  acquainted  with  the  merits  of  the 
case,  wonld  reject  them.  And  yet  uniformity  is  to  be  found  some- 
where, because  the  Sandwich  Islander  spells  the  name  of  one  of  his 
islands  Maui,  and  an  English  or  American  missionar}',  a  Spaniard, 
Portuguese,  Italian,  German,  Choctaw, or  African  Mandingo,  would 
do  the  same.  The  excuse  that  the  power  of  the  Latin  alphabet  is 
"uncertain"  (p.  222)  is  neutralized  by  his  own  opinion  that  the 
Latin  vowel  characters  had  their  Italian  and  German  alphabetic 
power,  and  we  find  an  English  author  making  an  adjective  hiberi- 
ANA  out  of  the  English  name  Ileber;  and  a  German  hybernus 
out  of  the  German  name  Huehner.  Mr.  Ellis  cites  the  forms  max- 
IMUS  and  maxumus  to  prove  that  U  had  "undoubtedly  several 
sounds  in  Latin."  He  should  have  informed  his  unclassical  rea- 
ders that  in  these  words,  according  to  the  ancient  grammarians,  the 
T  and  U  had  not  their  true  power,  but  an  allied  one  for  which  Clau- 
dius proposed  a  special  character. 

There  is  a  gradual  deterioration  in  the  various  alphabets  of  Mr. 
Ellis,  the  last  being  the  worst.  The  analogy  between  the  vowels  in 
meal  mill;  dale  dell;  was  recognized  in  1844,  but  now,  the  last 
words  are  spelt  "dal"  "del ;"  and  A,  made  for  the  sound  in  far,  is 
perverted  to  the  rare  Welsh  vowel  mfat.  Having  reached  its  low- 
est point  of  deterioration,  this  alphabet  is  "brougiit  to  a  satisfactory 
conclusion,"  and  fault  is  found  with  those  who  will  not  adopt  what 
are  facetiously  termed  the  "improvements."  Yet  his  alphabet  is 
still  imperfect,  his  ideas  of  the  open  and  close  vowels  being  very 
confused.  He  does  not  properl}-  tlistinguish  the  vowels  in  paio,fur, 
pool,  lo,  from  those  in  naught,  ivorth,  full,  obey,  and  sacrifices  much 
to  phonognipliy  (which  hasnothingto  do  with  the  printingof  speech) 
leaving  phonography  itself  imperfect,  as  it  caunotrepresentthe  Eng- 
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lish  v:h  as  employed  in  some  languages  before  a  consonant,  as  in 
the  Delaware  loh-t-e;  or  the  German  j  (English  y)  wlien  glauben 
takes  the  c\\ii\GCi\c  form  jknibji.  Mr.  Ellis  places  tlie  vowel  of /a/Hn 
ivater,  altho,  short,  cross  ;  and  that  in  not,  in  quarter,  god,  hog,  horse, 
CROSS.  The  inconsistency  is  obvious  -which  demands  a  different 
vowel  in  for  and  not;  and  an  identical  one  in/?(r,  nut;  a  different 
one  in  conclude  and  good,  but  the  same  one  in  endure,  duty,  or  (the- 
oretically) in  coil,  quoit. 

Labial  consonants  are  rare  in  some  of  the  American  languages, 
the  Cherokee  having  only  iv  and  m.  The  so-called  wliistle  in  Le-na- 
pe  is  merely  English  wh  preceding  a  consonant,  as  in  ivh-t-e.  No 
one  has  hitherto  analyzed  this  sound,  or  any  of  the  allied  ones,  which 
follow  a  law  not  yet  announced  ;  namely,  that  a  whispered  aspirate 
has  a  tendency'  to  be  followed  by  the  same  sound  in  a  vocal  and  or- 
dinar}'  condition.  The  pjuglish  word  ivhen  is  therefore  wh-w-e-n  ; 
the  sneering  exclamation  written  h'm  is  (using  a  notation  allied  to 
the  English)  mli-m  ;  the  Welsh  aspirate  I  is  both  Ih-l  and  Ih;  so  that 
Mr.  Ellis  has  failed  to  hear  an  ordinary  I.  N  takes  the  same  phase 
in  Cherokee,  which  has  also  an  aspirate  of  the  German  J. 

I  have  found  whispered  vowels,  and  even  syllables,  not  uncom- 
mon in  several  American  languages,  as  in  tlie  two  final  syllables  of 
the  Camanche  word  for  ten,  SEWANchut,  the  first  vowel  as  in  send, 
but  nasal. 

The  Wyandot  language  has  many  nasals,  as  in  the  word  for  6ear, 
which  in  German  characters  (letting  Italic  n  follow  the  nasal  let- 
ters) is  DANjno?!J?iEn^ — ,  affording  an  example  of  a  nasal  liquid. 
The  character^  indicates  a  close  of  the  glottis,  wliich  also  occurs 
medial,  as  in  my  name  in  this  language — IlAREDA^AjE/iaM,  last 
syllable  being  nasal. 

The  Weko  (Wako)  has  a  medial  or  final  clack  or  smack  formed 
by  the  sudden  separation  of  the  closed  fauces,  independent  of  any 
action  of  the  lungs,  as  in  the  word  for  eye — kitikj'.  The  Nakado 
has  an  allied  independent  dental  sound,  which  is  more  dull  and  less 
loud  than  the  corresponding  Hottentot  clack. 

In  French,  the  nature  of  syllables  is  better  understood  than  in 
German  or  English.  The  English  word  luck,  is  properly  a  dissyl- 
lable, but  I  have  heard  it  as  a  monosyllable  (meaning  six)  in  Chi- 
nese (luck')  where  it  is  pronounced  without  opening  the  organs  at 
the  close,  for  the  escape  of  a  faint  aspirate.  The  same  thing  takes 
place  with  p  and  t. 
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Prof.  Haldeman  illustrated  the  above  paper  b}--  examples  from 

Indian  and  other  languages  containing  the  various  glottals,  clacks, 

and  whispered  sj'llables,  to  tiie  great  amusement  of  the  audience. 

Adjourned. 

W.  I.  BURNETT,  Secretary. 


Seventh  Day,  August  21,  1849. 
AFTERNOON  GENERAL  SESSION. 
On  Rutilated  Qdartz  Crystals   from  Vermont,   and   Phenom- 
ena  CONNECTED    "WITH    THEM.      By   FrANCIS    AlGER. 

Mr,  Alger  presented  a  paper  on  the  quartz  crystals  from  AVater- 
bury,  Vermont,  containing  acicular  or  capillar}'  Rutile,  and  exhib- 
ited illustrative  specimens  of  great  perfection  and  beaut3\  He 
compared  them  with  other  specimens  from  the  Alps  and  Brazil,  and 
pointed  out  some  important  phenomena  in  which  they  differed  from 
those  and  all  other  rock  crystals  he  had  ever  seen. 

Erratic  masses  of  rutilated  quartz  had,  from  time  to  time,  been 
found  in  Waterbury,  and  several  of  the  neighboring  towns,  and  they 
had  even  been  picked  up  in  New  Hampshire  ;  but  their  geological 
association,  or  the  character  of  the  rock  from  which  the}'  originated, 
had  not  been  well  understood  until  recently.  Mr.  Alger  had  lately 
visited  a  remarkable  locality  of  this  mineral,  where  a  true  vein, 
two  feet  or  more  in  width,  had  been  brought  to  light  in  making  a 
deep  cut  through  a  hill  in  Waterbury,  on  the  line  of  the  Vermont 
Central  Railroad.  The  rock  is  a  very  tenacious  talcose  slate,  some- 
times passing  into  mica  slate,  and  prevails  to  a  great  extent  in  tliis 
part  of  Vermont.  Metalliferous  minerals  are  rarely  contained  in 
it,  but  veins  of  quartz  are  common.  The  vein  here  referred  to, 
consisted  principally  of  common  amorphous  quartz,  presenting  in- 
ternal cavities  or  druses,  lined  or  studded  with  projecting  prismatic 
crystals,  sometimes  colorless  ami  transparent,  but  more  frequently 
of  a  smok}'^  color,  or  brownish  yellow  tint  (Caringorm).  The  pure 
glassy  white  crystals  are  but  rarely  penetrated  by  the  acicular  ru- 
tile, while  the  colored  varieties  abound  with  it,  and  seem  in  fact  to 
owe  the  intensity  of  their  color  to  the  very  prevalence  of  it  through 
their  substance. 

The  rutile  is  sometimes  grouped  in  tufts  of  radiating  crystals,  pro- 
ceeding from  a  common  point,  and  shooting  through  the  quartz  ;  this 
being  also  the  ordinary  manner  of  its  occurrence  in  the  Brazilian 
specimens.  The  direction  of  many  of  these  diffused  ciystals  in  the 
position  they  now  occupy  would  seem  to  show  that  they  had  been 
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subjected  to  some  electrical  or  polarizing  influence,  by  which  they 
had  been  arranged  ver}- nearly  in  a  line  parallel  with  that  of  the  apex 
or  perpendicular  axis  of  the  crystals  of  quartz  in  whicii  they  are 
imbedded.  It  would  seem  that  tiiey  were  once  floating,  as  it  were, 
in  the  transparent  and  liquid  medium  of  the  silicious  mass  ;  or  else, 
what  is  more  probable,  in  the  simultaneous  crystallization  of  both 
quartz  and  rutile,  slowly  or  otherwise,  there  was  superadded  a 
polarizing  influence  which  caused  them  to  converge  towards  one 
point.  Or  again,  it  may  be  that  these  peculiarities  are  confined  to 
those  quartz  crystals  which  projected  downwards  in  the  cavity  of 
the  vein  at  the  time  of  their  formation  ;  and  thus  the  rutile,  from  its 
greater  specific  gravity,  would  have  a  tendency  to  crystallize  and 
extend  itself  downwards,  rather  than  in  any  other  direction.  Mr. 
Algercould  not  state  from  actual  observation  at  the  localit}-,  whether 
such  was  the  fact.  The  appearance  referred  to  is  the  most  marked 
in  those  crystals  in  which  the  rutile  exists  in  the  most  delicate  hair- 
like and  needle-shaped  forms  (  Venus  hairstone)  ;  and,  in  some  instan- 
ces, these  delicate  prisms  are  bent  towards  the  ends  most  remote  from 
the  apex  of  the  quartz  crystal.  They  are  sometimes  four  inches  in 
length. 1  By  transmitted  light,  their  color  is  reddish  brown  ;  lustre 
like  that  of  polished  copper.  Some  few  of  the  needles  are  entirely 
black,  and  closely  resemble  schorl.  It  was  the  opinion  of  Mr.  Ken- 
ned}', a  scientific  engineer,  and  a  very  close  observer,  who  was  pres- 
ent at  the  opening  of  the  vein,  that  the  crj'stals  of  quartz  enclosino- 
rutile  were  confined  to  one  side  only  of  the  vein,  thus  indicating  two 
periods  in  its  formation,  in  one  of  which  no  rutile  was  present  to 
intercrystallize  with  the  mass.  All  the  recently  obtained  crystals  are 
very  much  discolored  by  iron  rust,  and  the  vein  appears  to  be  "run 
out."  But  its  loss  will  undoubted!}- be  soon  supplied  by  other  sources. 
Prof.  Hubbard,  of  Dartmouth  College,  in  whose  possession  is  the 
finest  specimen  of  this  mineral  found  in  the  United  States,  first  no- 
ticed a  most  interesting  fact  in  regard  to  these  crystals,  namely, 
that  the  needles  of  rutile  in  some  cases  had  shot  completely  throuoh 
the  quartz  crystals,  and  stood  out  in  relief  upon  their  surfaces,  as 
if  protruded  by  the  sudden  effort  of  their  crystallization.  The  same 
appearances  were  presented  by  one  of  Mr.  Alger's  specimens,  to  a 
small  extent.  If  produced  in  the  manner  supposed,  the  quartz 
must  have  been  in  a  liquid  state  ;  if  not  produced  in  that  manner, 

1  Tlie  polished  specimens  in  which  these  prisms  are  exhibited  (  known  in  French 
jeweh-y  as   Fleches  (Pamour)  are  rarely  surpassed  in  beauty  by  the  finest  to  be  met 
with  hi  foreign  collections.    The  reticulated  lorms  are  thus  shown  in  great  perfection. 
29 
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the  cv3-stnllization  of  the  rntile  must  have  continued  after  that  of 
the  quartz  had  ceased.  Tlie  hatter  seems  the  most  reasonable 
supposition,  and  is  favored  by  analogous  plienomena  in  other 
crj'stallized  minerals. 

IMITATIVE    FORMS    OF    MICA    CONTAINED    IN    THE    QUARTZ. 

The  surfaces  of  two  of  the  large  crystals  exhibited  b}^  Mr.  Alger, 
as  well  as  several  smaller  fragments  of  ciystals,  were  covered  b^' 
minute  but  very  brilliant  scales  of  gold-colored  mica;  and  these 
sometimes  penetrated  the  quartz  in  company  with  the  rutile,  and, 
in  the  same  manner,  seemed  confined  mostly  to  the  darkest  colored 
varieties  of  the  quartz.  But  the  forms  assumed  by  this  mica  are 
curious  and  altogether  unique,  for  in  the  substance  of  the  crystals, 
it  has  assumed  the  most  fantastical  forms,  appearing  in  tortuous 
and  vermicular  ramifications,  some  of  them  bearing  such  a  striking 
resemblance  to  organized  bodies,  as  to  give  the  first  impression 
that  they  are  actually  the  remains  of  insects  or  worms.  The  figures 
on  llie  next  page  present  a  correct  representation,  in  a  magnified 
form,  of  some  of  the  most  curious  of  these  appearances  exhibited 
by  Mr.  Alger's  specimens.  He  had  dissected  out  several  of  them, 
antl  found  them  to  be  composed  entirely  of  small  plates  of  mica 
more  or  less  closely  united  parallel  with  the  basal  cleavage  of  the 
mineral.  In  fact,  they  are  elongated  hexahedral  crystals  of  mica, 
twisted  or  distorted  into  every  imaginable  shape.  Their  lami- 
nated micaceous  structure  is  shown  perfectly  by  the  microscope,  and 
is  represented  in  the  figures.  The  resemlilance  of  the  third  figure 
on  the  fourth  row,  to  some  species  of  Araneides,  is  not  too  remote  to 
suggest  them  to  the  mind  instantly  ;  and  the  general  resemblance 
of  several  of  the  figures  to  the  common  blood  leech  (Savguisitga 
medicmalis)  is  still  more  striking.  But  the  origin  of  these  resem- 
blances was  evidently  fortuitous,  and  could  not  have  been  in  an}' 
way  connected  with  organic  matter.  They  are  interesting  princi- 
pally- as  furnishing  a  new  fact  in  the  department  of  imitative 
mineralogy,  and  they  appropriately  suggest  the  term  vermiform 
mica  a    most  characteristic  of  their  general  appearance. 

The  straight  lines  seen  passing  through  several  of  these  figures, 
are  intended  to  show  the  needlesof  rutile  that  actually  intersect  these 
concretions  of  mica  in  the  body  of  the  stone.  In  some  of  them  the 
rutile  passes  through  the  circular  space  left  by  the  folding  over  of 
the  mica,  and  its  crystallization  does  not  seem  to  be  interrupted 
by  the  mica  in  any  case.     A  characteristic  feature  of  rutile,  but 
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never  shown  in  any  of  the  specimens  from  this  locality  (?'.  e.  the 
geniculated  forms),  seems  to  be  somewhat  assumed  by  the  mica,  and 
is  best  shown  by  the  second  figure  in  the  lower  row.^  The  color 
of  this  mica  by  transmitted  light  is  a  pale  green,  and  the  mineral 
seems  to  agree  in  external  characters  with  the  substance  from  other 
localities.  Considerable  quantity  of  it  was  found  loose  in  the  vein, 
mixed  with  broken  crystals  of  rutile.-  The  only  appearances  at  all 
analogous  to  those  just  described,  which  had  come  to  the  knowledge 
of  Mr.  Alger,  were  those  mentioned  and  figured  by  Dr.  McCullock, 
and  described  in  Vol.  II  of  the  Geological  Transactions  of  London. 
But  in  this  case,  the  substance  was  chalcedony,  and  the  imbedded 
masses  composed  of  chlorite  had  nothing  of  a  crystalline  structure, 
and  in  fact  were  rather  imitative  of  vegetable,  arborescent  forms. 


STRIATED    QUARTZ    CRYSTALS. 

The  above  figure  represents  some  of  the  strise  which  appear  on  the 
acuminating  planes  of  the  crystals,  and  are  parallel  with  their  edges  of 
combination  witli  the  adjoining  planes,  as  shown  in  the  figure  on  the 
next  page.  They  are  usually  mere  superficial  triangular  lines  so 
slightly  impressed  as  to  be  visible  only  when  held  in  a  particular 
position  in  regard  to  the  light ;  but  in  a  few  cases,  these  configura- 
tions, commencing  at  a  small  point  before  the  ciystal  had  attained 
its  full  size,  continue  to  widen  with  every  fresh  layer  of  particles 
deposited  upon  the  faces  of  the  crystal,  until  they  produce  cavities 
of  considerable  deptli.  That  they  were  formed  in  this  manner  is 
indicated  by  the  step-like  appearance  of  the  sides  of  these  cavities — 

iProf.  Hubbard's  specimen  presented  the  appearance  in  so  marked  a  manner,  as  to 
lead  to  the  impression  tliey  were  rutile. 

*  A  portion  of  this  carefully  separated  was  found  to  lose  nearly  15  percent,  of  water 
when  heated  to  the  melting  point  of  glass.  A  peculiar  emi)yreumatic  odor  was  at  tlie 
same  thne  given  out,  but  there  was  no  reaction  of  lluorine.  Exposed  in  a  (datinum 
crucible  to  a  white  heat  for  twenty  minutes,  it  became  grayisli  black  and  partially  fused 
into  a  mass.  In  this  state  it  was  sliglitly  magnetic.  The  large  proportion  of  water 
seems  to  ally  it  witli  ripidolite,  or  perhaps  with  hydro-mica  from  the  Alps—  Wasser- 
glimmer  of  M.  Morin.    It  will  be  further  investigated. 
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an  appearance  which  is  more  strikingly  presented  in  a  few  cavities  of 
a  difterent  shape,  of  one  of  which  the  following  figure  furnishes  an 
example.     In  this,  it  will  be  noticed,  the  cavity  is  rhomboidal,  and 


might  at  first  be  mistaken  for  the  impression  left  by  some  foreign 
substance  which  had  disappeared.  No  substance  having  such  form 
has  been  found  attached  to  any  of  the  crystals  from  this  place,  and 
although  the  angles  at  which  the  sides  meet  each  other  (about  76° 
and  104°)  are  nearly  those  of  calcspar,  or  carbonate  of  iron,  it  is 
evident  from  the  enlargement  of  the  cavity  towards  the  surface  of 
the  crystal,  or  the  hopper-like  appearance  assumed  by  it,  that  neither 
of  these  substances  could  have  produced  it.  The  quartz,  while  de- 
positing itself  around  either  of  them,  would  have  taken  the  exact 
form  of  either,  precisely  as  we  see  such  impress  of  their  forms  in 
other  crystals  of  subsequent  formation.  So  it  is  evident,  that  if 
any  substance  ever  occupied  the  cavity,  it  must  have  received  its 
form  from  the  cavity,  without  communicating  any  to  it ;  and  thus 
a  pseudomorphous  crystal  may  have  been  produced  in  a  manner 
somewhat  difterent  from  usual.  It  is  not  easy  to  trace  any  relation 
between  these  last  named  cavities  and  the  crystalline  structure  of 
the  quartz;  their  sides  are  not  parallel  with  any  of  the  striae  as 
seen  upon  the  faces  of  the  crystals  ;  they  indicate  an  interruption 
in  the  process  of  crystallization,  by  some  cause  not  easily  explained. 
The  cavity  measures  one  inch  on  a  side,  and  is  one-half  inch  in 
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depth.  It  is  exactly  represented  by  the  two  small  figures  below- 
drawn  in  full  size  from  a  cast  of  it.  The  crystal  itself,  rliomhifere 
of  Haiiy,  has  the  replacement  of  rhomboidal  planes  on  the  adjacent 


lateral  angles  of  the  prism,  and  not,  as  is  usually  the  case,  on  the 
alternate  angles.  It  is  permeated  in  every  part  by  acicular  rutile. 
It  is  possible  that  a  comparison  of  other  specimens,  should  any 
more  be  found,  will  result  in  showing  an  agreement  between  the 
sides  of  these  cavities  and  the  edges  of  the  small  rhombic  replace- 
ments lettered  s.  In  this  crystal,  owing  perhaps  to  some  distortion, 
there  is  not  so  close  an  approximation  to  parallelism  between  the 
edges  of  the  cavity  and  of  these  replacements,  as  would  otherwise 
have  obtained.  No  such  cavity  as  this  had  been  described  before, 
and  if  the  view  here  taken  of  it  be  correct,  we  have  only  to  suppose 
a  successive  retrocession  or  withdrawal  of  particles  in  such  parallel 
directions,  thus  enlarging  the  cavity  outwardly,  as  the  crystal  itself 
increased  in  size.  Something  of  the  same  kind  is  observed  in 
artificial  saline  crystals.  Several  smaller  cavities  of  the  same  form 
are  presented  by  other  crystals  from  the  same  locality,  in  some  of 
which  delicate  needles  of  rutile  pass  through  the  cavity  unbroken — 
their  extremities  deeply  penetrating  the  quartz. 


On    the     APPLICATION     OF     THE    PRINCIPLES    OF    ACOUSTICS    TO    THE 

Construction  of  Lecture-rooms,  etc.     By  Prof.  Henry. 
[Not  received.] 
This  communication  was  followed  by  remarks  from  President 
Everett  and  President  Sparks. 


On  the   Differences   between   Progressive,   Embryonic,   and 
Prophetic  Types   in   the  Succession   of   Organized   Beings 
through  the  whole  Range  of  Geological  Times. 
It  was  a  great  improvement  in  our  zoological  investigations  when 

the  dilfercnces  in  their  relations,  according  to  the  various  degrees  of 
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affinity  or  analogy,  which  exist  between  animals  were  pointed  out, 
and  successively  better  understood.  In  earlier  times,  zoologists 
made  no  distinction  between  the  different  relations  which  existed 
among  animals.  Affinity  and  analogy,  so  dissimilar  in  their  essen- 
tial characters,  were  constantly  mistaken  one  for  the  other  ;  and 
upon  the  peculiarities  which  struck  the  observer  most  at  first  sight, 
animals  were  brought  together,  soihetimes  upon  the  ground  of  true 
affinity  ;  sometimes  also,  upon  the  ground  of  close  analogy.  And, 
though  comparative  anatomy  did  put  the  mistakes  arising  from  such 
confusion  right,  by  showing  that  external  appearances  were  some- 
times deceptive,  and  that  a  more  intimate  knowledge  of  internal 
structure  was  necessary  full^'  to  understand  the  real  relations  be- 
tween animals,  there  remained,  nevertheless,  a  degree  of  uncertainty 
in  many  cases,  as  long  as  the  principles  of  affinities  and  of  analogies 
were  not  fully  distinguished.  Every  naturalist  now  knows  that 
true  relationship — affinity, — depepdsupon  aunitjnn  structure, how- 
ever diversified  the  forms  may  be,  under  which  their  fundamental 
structure  is  displayed.  Foi'  instance,  the  affinity  of  whales  and  the 
.other  mammalia,  was  not  understood,  before  it  was  shown  that,  under 
the  form  of  fishes,  these  animals  had  truly  the  same  structure  as 
the  highest  Vertebrata. 

Again,  the  forms  of  Cetacea  exemplify  the  analogy  there  is  be- 
tween whales  and  fishes.  They  are  related  to  mammalia  ;  they  are 
analogous  to  fishes.  They  bear  close  affinity  to  the  mammals  which 
nurse  their  young  with  milk  ;  the}'  have  rather  close  analogy  to  the 
gill-breathing  fishes. 

Since  the  fossil  animals  which  have  existed  during  former  periods, 
upon  the  surface  of  our  globe,  and  which  have  successively  peopled 
the  ocean  and  the  dry  land,  have  been  more  carefully  studied  than 
they  were  at  the  beginning  of  these  investigations  ;  since  the}'  are  no 
longer  considered  as  mere  curiosities,  but  as  the  earlier  representa- 
tives of  an  order  of  things  which  has  been  gradually  and  successively 
developed  throughout  the  history  of  our  globe,  facts  have  been 
brought  to  light,  which  now  require  a  very  careful  examination,  and 
will  lead  to  a  more  complete  understanding  of  the  various  relations 
which  exist  between  these  extinct  tj'pes,  and  those  which  still  con- 
tinue to  live  in  our  days.  Upon  close  comparison  of  these  facts,  I 
have  been  led  to  distinguish  two  sorts  of  relations  between  the 
extinct  animals,  and  those  of  our  days,  which  seem  to  me  to  have  been 
either  overlooked  or  not  sufficiently  distinguisiied.    Indeed,  the  gen- 
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eral  rosnlts,  derived  from  palseoiitological  investigations,  seem 
scarcely  to  liave  gone  beyond  sliowing  tliat  tlie  animals  of  former  ages 
are  specifically  and  frequently,  also,  generieally  distinct  from  those  of 
the  present  creation  ;  and  also  to  establish  certain  gradation  between 
them,  agreeing  more  or  less  with  the  degree  of  perfection  which  we 
recognize  between  the  living  animals  according  to  their  structure. 
It  is  now  pretty  generally  understood  that  fishes,  which  rank  low- 
est among  the  Vertebrata,  have  existed  alone  during  the  oldest 
periods  ;  that  the  reptiles,  which  in  the  gradation  of  structure  rank 
next  above  them,  have  followed  at  a  later  period,  that  still  later  the 
birds,  which  according  to  their  anatomy  rank  above  reptiles,  have 
next  made  their  appearance  and  that  man^malia,  which  stand  highest, 
have  been  introduced  last,  and  even  among  these,  the  lower  families 
seem  to  have  been  more  numerous,  before  the  higher  ones  prevailed 
over  them.  Man  at  last  has  been  created  onl}'  after  all  other  types 
had  acquired  their  full  development.  These  facts,  which,  in  such 
generalit}^  are  fuWy  exempli (ied  in  eveiy  country  in  the  order  of 
succession  of  the  different  fossils  characteristic  of  the  various 
geological  deposits,  show  plainly  that  a  gradation  really  exists  in 
this  succession,  and  constitutes  one  of  the  most  prominent  charac- 
ters of  the  development  of  the  animal  kingdom  as  a  whole. 

If  we  investigate,  however,  this  gradation,  and  the  order  of  suc- 
cession of  animals  more  closely,  we  cannot  but  be  struck  with  the 
different  relations  which  exist  between  the  fossils  and  the  living  ani- 
mals. Many  extinct  t3'pes  have  been  pointed  out  as  characteristic  of 
different  geological  periods,  which  combine,  as  it  were,  peculiarities, 
which  at  present  are  found  separately  in  different  families  of  animals. 

I  may  mention  as  such,  the  IcJdhyosaurs,  with  their  fish-like  verte- 
brtB,  their  dolphin  or  porpoise-like  general  form  and  several  special 
characters  reminding  us  of  their  close  relation  to  the  crocodilian 
reptiles  ;  thus  combining  characters  of  different  classes  in  the  most 
extraordinary  manner. 

Again,  the  Pterodactyli,  in  which  reptilian  characters  are  com- 
bined with  peculiarities  reminding  us  both  of  birds  and  bats. 

Again,  the  large  carnivorous  fishes  of  the  coal  period,  combining 
peculiarities  of  the  Sanricois,  with  true  fish  characters  ;  and  so  on. 

These  relations  are  of  an  entirely  different  kind  from  those  which 
I  have  pointed  out  between  some  of  the  older  fossils  and  the  earl)'- 
stage  of  growth  of  the  living  representatives  of  the  same  families. 
For  instance,  the  fossil  fishes  with  aheterocercal  tail,  found  below  the 
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New-Red  Sandstone,  down  to  the  lowest  deposits,  remind  us  of  the 
peculiar  termination  of  the  vertebral  column  in  all  fish-embryos  of 
species  living  in  the  present  period,  to  whatever  family  they  may 
belong,  indicating  a  similarity  of  structure  in  the  oldest  representa- 
tives of  this  class,  with  the  earliest  condition  of  the  germs  of  those 
animals  in  our  da3's. 

Let  us  now  examine  whether  we  can  properly  understand  the 
bearings  of  these  relations,  and  the  meaning  of  such  differences. 

In  the  first  place,  I  have  mentioned  the  gradual  progress,  which  is 
observed  in  the  succession  of  the  different  classes  of  Vertehrata. 
This  progress  is  exemplified  by  a  series  of  types  which  diflferfrom 
each  other,  but  which  show,  when  arranged  in  a  series,  a  gradation, 
which  agrees,  in  general,  with  the  structural  gradation,  which  we  may 
establish  upon  anatomical  evidence.  For  instance,  the  Salamanders 
with  their  various  forms  rank  below  the  tailless  Batracliians . 

And  where  we  have  a  succession  of  these  animals  in  the  tertiary 
deposits  as  they  occur  in  various  parts  of  Europe,  we  may  fairly  say 
that  the  fossils  form  in  their  succession  a  series  of  progressive  types. 

Another  example  may  perhaps  illustrate  the  point  more  fully. 
The  Orthocera  of  the  oldest  periods  precede  the  curved  Lituites, 
which,  in  their  turn  are  followed  by  the  circumvolute  Nautilus.  Here, 
again,  we  have  a  natural  gradation  of  a  series  of  progressive  tj'pes. 
Again,  among  Crinoids,  we  find  in  the  older  deposits  a  variety  of 
species  resting  upon  a  stem,  while  free  crinoids  begin  to  appear 
only  during  the  secondar}'  depositand  prevail,  in  the  present  crea- 
tion, over  those  attached  to  the  soil.  Here,  again,  we  have  a  series 
of  progressive  types  developed  successively,  which  are  apparently 
independent  of  each  other  and  seem  to  bear  no  other  relation  to 
each  other  than  that  arising  from  the  general  character  of  the  group 
to  which  they  belong.  Such  types  exemplify,  simply  in  the  groups 
to  which  they  belong,  a  real  progress  in  the  successive  development 
of  the  peculiarities  which  characterize  them  as  natural  divisions 
among  animals.     Such  forms  I  shall  call  Progressive  Types. 

The  relations,  however,  which  are  exemplified  in  the  oldest  Sau- 
roid  fishes,  in  the  Ichthyosaurians,  in  the  Pterodactyls  or  in  the 
Megalosaurians,  seem  to  me  to  be  clearly  of  a  different  character, 
and  to  differ  from  simple  progressive  types,  inasmuch  as  those 
which  appear  earlier  combine  peculiarities  which  at  a  later  period 
appear  separately  in  distinct  forms.  For  instance,  the  reptilian 
characters  which  we  recognize  in  the  Sauroid  Fishes  are  developed 
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at  a  later  period  in  animals  no  longer  belonging  to  the  class  of 
■fishes,  but  constituting  by  themselves  new  tj^pes,  provided  with 
additional  peculiarites  which  separate  them  full}-  from  the  fishes  in 
general,  as  well  as  from  those  fishes  in  which  we  recognize  some 
relation  to  reptiles  during  a  period  when  no  reptile  existed. 

Again  the  Ichthj^osaurians,  though  true  reptiles  appearing  long 
after  fishes  had  been  called  into  existence  and  during  an  early 
period  of  the  history  of  the  reptiles,  still  show  their  relation  to 
fishes  by  the  character  of  their  vertebral  column,  and  foresliadow,  as 
it  were,  in  their  form,  the  Cetacea  of  later  ages,  as  well  as  many 
foi'ms  of  the  gigantic  Saurians  of  tlie  secondaiy  period.  Tlie  same 
may  be  said  of  the  Pterodactyls,  whicli  are  also  true  reptiles,  but,  in 
which  the  anterior  extremity  foreshadows  peculiarities  characteristic 
of  birds  and  bats.     Such  types  I  shall  call  Prophetic  Types. 

To  an  analytic  mind  the  examination  of  the  peculiarities  of  such 
animals  may  foretell  a  higher  progress  of  development,  carried  out 
in  real  existence,  only  during  a  later  period,  even  if  he  had  never 
seen  the  later  ones  ;  for  in  such  types  the  germs  of  a  future  develop- 
ment may  be  recognized,  and  upon  close  examination,  trul}^  referred 
to  the  peculiarities  of  other  higher  groups,  even  if  the  intermediate 
links  remained  unknown,  which  however,  as  matter  now  stands,  can 
leave  no  doubt  in  our  mind  that  these  prophetic  types  really  fore- 
shadowed that  diversity  of  forms  wliich  lias  been  created  since  the\'' 
have  gone  by.  We  may  also  say  that  these  prophetic  types  lay 
before  us  the  course  of  thoughts  which  has  been  carried  out  in  the 
plan  of  creation  by  the  Supreme  Intelligence  who  called  them  into 
existence  in  such  order  of  succession  and  in  so  diversified  relations. 
The  recognition  of  this  prophetic  character  of  certain  types  of  extinct 
animals  is  not  only  important  in  a  philosophical  point  of  view  ;  I 
have  no  doubt  it  will  ultimately  and  rapidly  load  to  a  better,  fuller, 
higher  and  deeper  understanding  of  the  yarious  relations  which  exist 
between  animals.  Let  me  at  once  point  to  some  of  these  relations 
which  might  never  have  been  understood  but  for  this  appreciation. 

Among  Crinoids,  we  have  not  only  progressive  types,  as  I  have 
already'  quoted,  but  we  have  also  prophetic  ones.  The  Cystidoe  are 
trul}^  prophetic  of  the  Echini  proper.  I  may  only  mention  the  genus 
Echinocrinus  to  show  the  link. 

The  Pentremites,  again,  are  the  prophetic  type  foreshadowing  the 
starfishes.  And  often  in  subordinate  groups  we  may  find  such  close 
relations  between  genera  of  the  same  minor  divisions ;  such  for 
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instance,  as  the  genus  Encrimus,  in  which  the  genera  Apiociinus 
and  Pcntaci'inus  are  simultaneously  foreshadowed.  Perhaps,  in 
this  case,  a  distinction  might  be  introduced  between  trul}'  prophetic 
types,  and  synthetic  t3pes,  in  which  the  characters  of  later  groups 
are  rather  more  combined  than  really  foreshadowed. 

As  for  the  relation  between  older  types  and  the  embryos  of  the 
living  representatives  of  the  same  families  which  are  so  extensively 
observed  in  almost  all  groups  of  the  animal  kingdom,  which  have 
existed  during  earlier  periods,  it  may  best  be  expressed  if  we  call 
those  fossils  which  exemplify,  in  full  grown  animals,  forms  which 
exist  at  present  onlj'  in  the  earliest  stages  of  growth  of  our  living 
animals,  Embryonic  Types,  m  contradistinction  from  the  progressive 
types,  and  from  the  prophetic  types.  These  embryonic  types  may 
be  purel}'  such,  or  the}^  may  be  at  the  same  time  either  progressive 
types,  or  even  prophetic  types.  I  shall  call  purely  embryonic  types 
those  in  which  we  recognize  peculiarities  characteristic  of  the  embryo 
of  the  same  family.  For  instance,  the  older  Sauroids  which  have 
the  -  upper  lobe  of  the  tail  prolonged,  or  the  common  Crinoids 
provided  with  a  stem,  which  resemble  the  young  Comatulas,  etc., 
etc.,  I  shall  distinguish  as  progressive  embryonic  tj'pes,  those  in 
which  we  recognize  siraultaneoKsly  a  relation  to  the  embryo  of  the 
same  family,  when  they  form  besides  a  link  in  a  natural  chain  of 
progressive  development ;  such,  for  instance,  as  the  oldest  Sala- 
manders or  the  earliest  Sirenoid  Pachyderms.  Finall}^  I  shall 
call  prophetic  erabr^'onic  t3'pes  those  in  which  we  have  embryonic 
characters  combined  with  the  peculiarities  which  stamp  the  t3'pe 
as  a  prophetic  one,  such,  for  instance,  as  the  Echinoid  and  Asteroid 
Crinoids  of  the  former  ages. 

The  fact  that  these  different  types  ma}^  thus  present  complications 
of  their  character,  or  appear  more  or  less  pure  and  typical,  goes 
farther  to  show  how  deep!}'  diversified  the  plan  of  creation  is,  and 
how  man}'  relations  should  be  simultaneousl}'  understood  before 
we  are  prepared  to  have  a  full  insight  into  the  plan  of  creation. 
There  we  see  one  type  forming  simply,  and  alone  the  first  link  of 
a  progressive  series.  There  we  see  another  which  foreshadows 
types  which  appear  isolate  afterwards.  There  we  see  a  third  which, 
in  its  full  development,  exemplifies  a  state  which  is  transient  only 
in  higher  representatives  of  the  same  family.  And  then  again  we 
see  these  different  relations  running  into  each  other  and  reminding 
us  that  however  difficult  it  may  be  for  us  to  see  at  one  glance  all 
thisdiversit}-  of  relations,  there  is,  notwithstanding,  an  Intelligence 
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which  not  only  conceived  these  various  combinations,  but  called 
them  into  real  existence  in  a  Ions  succession  of  ag-es. 


The  following  papers  were  presented  by  Prof.  Agassiz,  but  from 
want  of  time  the  substance  only  was  mentioned  and  no  abstracts 
have  been  furnished  for  the  proceedings. 

On  the  classification  of  Gasteropoda  with  reference  to  the  sys- 
tematic position  of  Pteropoda  and  Foraminifera. 

On  new  species  of  Crustacea,  from  the  shores  of  Massachusetts. 
On  the  difference  between  Sirenidae  and  true  Cetacea,  and  the 

embr^'onic  characters  of  the  former. 
On  the  homologies  of  Acephala  and  Gasteropoda  with  reference 

to  the  systematic  position. of  Brachiopa  and  Bryozoa. 
On  new  species  of  Echinoderms,  from  the  shores  of  Florida. 
On  new  genera  and  species  of  Bryozoa,    from   the    shores  of 

Massachusetts. 
On  new  genera  and  species  of  Annulata,  from  the  shores  of 

Massachusetts. 
On  the  ovarian  Eggs  of  Birds  and  Allantoidian  Reptiles. 
On  the  histology  of  Invertebrated  Animals. 
On  the  homologies  of  Annulata  and  Caterpillars. 
On  the  ovariau  Egg  and  embryology  of  Aphides. 
On  several  genera  of  Entomostraca  recently  established,  which 

have  been  ascertained  to  be  embryonic  states  of  Decapoda. 
On  the  embryonic  character  of  Paheozoic  Crustacea, 
On  the  changes  which  fresh-water  Turtles  undergo  during  their 

growth. 
On  the  embryology  of  Calyptra?. 
Colopoda  and  Paramaeeium  are  larvje  of  Planarire. 


On  the  Composition  of  the  Plant  by  Piiytons,  and  some 
Applications  op  Phyllotaxis.     By  Puof.  Gray. 

Prof.  Gray  made  some  verbal  statements,  witli  illustrations,  as 
follows  : — 

It  Avas  my  intention  to  take  this  opportunity  to  develop  some  points 
in  vegetable  morphologv,  but  as  the  hour  is  now  so  far  advanced,  I 
shall  be  very  brief,  intending  these  remarks  chiefly  to  prepare  the 
way  for  some  interesting  mathematical  deductions,  by  my  colleague, 
Prof.  Peirce.  The  principles  of  morphology  are  now  inwrought 
into  the  science.    Every  botanist  knows  that  each  plant,  consists  in 
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its  whole  development,  of  an  axis  throwing  out  from  place  to  place 
organs  identical  in  tlieir  origin,  identical  in  the  laws  of  their  arrange- 
ment, and  nearly  identical  in  structure,  but  which  are  made  to  sub- 
serve different  functions,  according  to  their  position  on  the  axis. 
The}'  are  collectively  called  leaves,  because  their  usual  development 
is  foliaceoics,  but  they  frequentl}-  assume  other  forms,  and  are  sub- 
servient to  other  uses.  They  subserve  that  process  in  which  vegeta- 
tion essentially  consists,  namel}',  what  is  called  vegetable  digestion  ; 
so  that  we  may  properly  take  the  leaf  as  the  typical  form  of  the  organ. 
Then  for  other  purposes  the}'^  are  transformed  into  \evy  different 
shapes,  and  as  the  organ  is  to  subserve  other  functions,  it  assumes 
different  forms,  some  of  which,  in  outward  appearance,  are  very  un- 
like leaves.  If  we  take  the  flower,  for  example,  we  find  it  to  consist, 
first,  of  a  true  set  of  leaves,  those  of  the  calyx.  That  j^etals  are  of 
the  same  character,  is  evident,  notwithstanding  their  brighter  colors 
and  more  delicate  texture.  There  is  no  other  difference.  That  the 
other  organs,  the  stamens  and  the  jnstils,  are  of  the  same  character,  is 
a  deduction  easily  made,  thoroughly  supported  by  a  long  chain  of 
evidence,  and  now  admitted  b}'  all  botanists.  These  floral  organs 
stand  on  an  axis,  or  short  stem  (which  is  itself  a  prolongation  of 
the  leaf-bearing  stem)  just  as  the  leaves  stand  on  the  stem.  The 
plan  of  the  foliage  is  carried  on  through  the  flower.  They  are  all 
parts  of  one  and  the  same  system.  The  laws  of  one  apply  also  to 
the  other.  The  leaves  of  the  calyx  and  the  petals  of  the  corolla  are 
leaves  still  in  their  form,  the  latter  merely  changing  their  color,  as  a 
general  thing.  The  filament  or  stalk  of  the  stamen  answers  to  the 
stalk  of  the  leaf;  while  the  antlier  consists  of  two  parallel  lobes, 
each  representing  the  portion  of  the  blade  of  the  leaf  upon  each  side 
of  the  stalk,  and  made  fleshy  by  a  large  development  of  cellular  tis- 
sue ;  and  this  develops  not  into  parenchyma,  but  into  pollen.  The 
opening  to  shed  the  pollen  occurs  in  a  line  which  corresponds  to  the 
edges  of  the  leaf. 

In  the  pistil  the  nature  of  the  transformation  from  the  typical  foli- 
aceous  form  is  different,  but  is  easily  to  be  made  out.  The  pistil 
answers  to  a  leaf  infolded  so  that  its  margins  join  and  unite,  form- 
ing below  the  ovarj-  or  seed-vessel,  which  bears  its  ovules,  or  rudi- 
mentary seeds,  on  what  corresponds  to  the  margins  of  tiiecomponent 
leaf;  while  a  more  or  less  prolonged  and  attenuated  apex  becomes 
the  style,  and  some  part  which  answers  to  the  margins,  destitute  of 
epidermis,  forms  the  stigma  and  conducting  tissue. 

Vegetable  morphology  has  usually  been  studied  in  this  way  only. 
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The  flower,  taken  as  a  whole,  with  its  several  parts,  has  been  com- 
pared with  the  leafy  branch.  But  a  closer  examination  shows  that 
we  must  make  a  further  anal3-sis.  The  branch  itself  is  an  individ- 
ual only  in  the  sense  in  which  the  whole  tree  may  be  so  termed — 
only  as  a  branch  of  coral  is  so  called. 

The  term  metamorphosis,  used  by  many  botanists,  is  not  well 
chosen  ;  at  least,  no  proper  comparison  is  to  be  instituted  between 
this  and  the  metamorphosis  of  animals,  where  the  simple,  entire  in- 
dividual undergoes  great  changes  in  the  course  of  its  development. 
The  diverse  forms  and  functions  which  the  leaf  assumes  are  rather  to 
be  compared  to  the  homologous  organs  of  animals  ;  that  is,  an  organ 
fundamentally  the  same  develops  in  one  case  as  a  leaf,  in  another 
as  a  petal,  in  another  as  a  stamen  or  a  pistil ;  just  as  the  forearm, 
the  false  wing  of  a  bat,  the  wing  of  a  bird,  the  pectoral  fin  of  a  fish, 
etc.,  represent  one  and  the  same  organ  ;  only  the  same  individual 
plant  presents  all  these  forms  successively,  in  the  different  stages 
of  its  development  from  the  cotyledons,  or  seed-leaves,  np  to  the 
pistil ;  because,  in  fact,  the  plant  is  not,  like  the  animal,  a  simple 
individual  forming  its  parts  simultaneousl}',  but  a  compound  indi- 
vidual, or  rather  a  congeries  of  individuals,  successivel}' produced. 

This  brings  us  to  the  analysis  to  which  I  alluded.  I  do  not 
mean  merely  that  the  branch  is  a  new  individual  developed  on  the 
parent  stem,  and  the  branchlet,  a  third  generation,  produced  by  the 
branch.  Ever}^  ph^^siologist,  every  attentive  observer,  is  led  at 
once  to  this  analysis.  But  the  branch,  or  simple  stem  itself,  is 
manifestly  an  assemblage  of  similar  parts,  placed  one  above  another 
in  a  continuous  series,  developed  one  from  another  in  successive 
generations.  [Here  tlie  leafy  branch  of  a  poplar,  and  of  a  reed, 
was  divided  into  its  component  elements  or  individuals  by  severing 
each  internode  at  its  base.]  Each  one  of  these  joints  of  stem, 
bearing  its  leaf  at  the  apex,  is  a  plant-element ;  or  as  we  term  it  a 
phyton, — a  potential  plant,  having  all  the  organs  of  vegetation, 
namel}',  stem,  leaf,  and  in  its  downward  development  even  a  root, 
or  its  equivalent.  This  view  of  the  composition  of  the  plant,  though 
by  no  means  a  new  one,  has  not  been  duly  appreciated.  I  deem  it 
essential  to  a  correct  philosophical  understanding  of  the  plant. 

The  study  of  the  development  of  the  plant  confirms  this.  The 
first  phyton,  in  the  simplest  case,  preexists  in  the  seed.  We  have  it 
in  the  monocotyledonous  embryo.  (In  the  plumule,  when  manifest 
before  germination,  we  have  already  the  rudiments  of  one  or  more 
new  phy  tons.)     This  has  already  its  stem-part  or  radicle,  and  its  leaf- 
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part,  the  cotyledon.  Tlie  name  '■'■radicle"  is  an  unfortunate  one,  as 
it  lias  led  botanists,  almost  without  exception,  up  to  the  present 
day,  to  regard  as  a  rudimentary  root  that  which  is  propei'ly  the  first 
joint  of  the  stem.  From  its  base  a  root  is  developed,  indeed  ;  but 
the  radicle  itself  is  no  part  of  the  root.  It  is  the  primitive  inter- 
node  of  the  stem,  the  initial  portion  of  the  ascending  axis,  and  it 
develops  according  to  the  laws  of  the  latter,  and  not  at  all  after 
the  manner  of  the  root.  In  any  germinating  plantlet  it  is  eas}^  to 
see  the  point  of  junction  of  the  descending  axis,  or  root,  with  the 
base  of  the  stem,  the  inferior  extremity  of  the  radicle,  so  called.  As 
the  primitive  phyton  produces  from  the  lower  extremity  its  root, 
which,  avoiding  the  light,  buries  itself  in  the  soil,  from  the  upper 
(which  by  the  elongation  of  the  axis  is  usually  carried  above  the  sur- 
face and  exposed  to  the  light)  the  cotyledon  expands  into  a  leaf; 
and  the  plantlet  is  now  perfect,  being  possessed  of  all  the  organs  of 
vegetation.  Now,  or  even  before  the  first  phyton  is  fully  developed, 
it  produces  a  second  phyton  from  the  apex  of  the  stem-part  of  the 
first ;  this  in  turn  gives  rise  to  a  third,  and  so  on.  It  is  the  apex  of 
the  leaf  which  first  appears,  according  to  the  usual  law  of  growth  of 
all  exserted  parts  (just  as  the  finger  nails  grow  from  the  base)  ; 
soon  its  stalk,  if  it  have  any,  is  disengaged,  and  finally  its  stem-part, 
or  internode,  appears  and  elongates  until  it  gets  its  whole  growth. 
(Prof.  Gray  here  illustrated  the  development  of  amonocotyledonous 
plant,  from  the  seed  tiirough  to  the  pistil,  on  the  blackboard.)  Thus 
the  second  and  each  succeeding  phyton  exhibits  its  leaf  and  stem  ; 
if  w^e  detach  it  as  a  cutting,  we  ma}' cause  it  to  produce  the  remain- 
ing organ  b}'  striking  root  in  the  soil,  and  thus  acquire  complete 
independence.  Or,  even  while  connected  with  the  parent  phyton, 
we  ma}'  cause  it  to  strike  root  by  bending  it  down  to  the  soil.  Or 
sometimes  they  will  spontaneousl}'  stiike  root  in  the  open  air,  at 
some  distance  above  the  ground,  as  we  maj^  observe  in  the  lower 
joints  of  vigorous  stalks  of  Indian  corn.  This  happens  so  fre- 
quently in  tropical  plants,  as  in  the  mangrove,  banyan  tree,  etc., 
as  to  show  that  it  is  no  casual  or  very  extraordinary  exception. 
That  a  portion  of  the  wood  in  such  cases  which  would  otherwise  con- 
tribute to  the  increase  of  the  main  stem,  is  thus  diverted  to  the 
ground,  i)lacing  the  leaves  of  the  branch  or  npper  part  of  a  stem  in 
direct  communication  with  the  soil  by  their  own  roots  ;  the  woody 
fibres  of  the  leaf  may  be  traced  into  the  joint  of  the  stem  that  beai's 
it,  and  thence  into  the  one  below  ;  that  each  annual  layer  of  an 
exogenous  tree  is  in  direct  relation  with  the  onward  growth  of  the 
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branches  of  the  year,  making  a  new  formation  from  tlie  apex  of  the 
branehlets  down  to  the  extremity  of  the  roots,  actually  represent- 
ing the  downward  growth  of  all  the  phytons  of  that  year,  blended 
together,  and  placing  the  leaves  in  communication  with  the  distant 
rootlets  in  the  soil ;  these  are  some  of  the  numerous  facts  and  con- 
siderations which  there  is  no  time  left  to  illustrate,  that  convince 
ns  that  each  phyton  makes  a  downward  growth,  which  answers  to 
the  root  produced  by  the  initial  one  in  germination,  or  to  its  woody 
system,  at  least ;  and  completes  the  evidence  that  the  vegetable  is 
made  up  by  the  repetition  of  similar  or  homologous  parts,  each  of 
which  is  a  potential  plantlet ; — parts  which  usually  develop  separ- 
ately above,  while  they  are  blended  together  into  a  common  mass 
below.  In  other  words,  that  the  comparison  of  a  tree  with  a  mass 
of  arborescent  coral  is  a  just  comparison.  The  stem-part  of  each, 
which  soon  belongs  in  part  to  all  the  phytons  above,  is  persistent. 
The  leaf,  or  foliaceous  portion,  performs  its  temporary  offices,  and 
falls  away. 

Besides  the  lineal  succession  of  phytons,  each  one  at  a  later  pe- 
riod produces,  or  may  produce,  a  second,  and  sometimes  a  third  and 
fourth,  in  the  axil  of  the  leaf,  that  is,  between  the  base  of  the  leaf  and 
the  phyton  above.     These  give  rise  to  branches,  or  secondary  axes. 

The  development  of  the  dicotyledonous  embryo  is  the  same, 
only  it  is  double  that  of  the  monocotyledonous,  or  consists  of  two 
phytons,  with  their  stem-parts  collaterally  united.  Its  normal  de- 
velopment therefore  gives  rise  to  opposite  leaves.  It  may  continue 
to  bear  leaves  in  pairs  throughout,  as  in  the  maple  ;  or  one  of  the 
pair  ma}'  be  suppressed  after  the  primordial  leaves,  as  in  the  Lo- 
cust, or  immediately  after  the  cotyledons,  as  in  the  Cherry.  [Prof. 
Gray  illustrated  the  development  of  the  dicotyledonous  embryo  on 
the  blackboard  ;  and  demonstrated  the  flower  as  composed  of  phy- 
tons with  their  stem-parts  exceedingl}'  abbreviated.] 

The  simplest  perfect  aud  complete  flower,  therefore,  consists  of 
a  simple  green  foliaceous  organ  of  one  leaf  (calyx)  ;  of  a  second, 
usually  of  a  delicate  texture,  n  petal;  of  a  third,  whicli  has  lost  the 
foliaceous  appearance  and  bears  pollen,  the  stamen;  and  then  a 
fourth  which  bears  ovules,  the  ^7i.sit7.  But  it  rarely  happens  that 
the  flower  is  thus  simple.  Nature  seldom  trusts  so  much  to  one 
individual,  but  multiplies  their  number  to  ensure  the  result. 

In  Monocotyledons  there  is  usually  an  assemblage  of  three,  or 
some  multiple  of  three  ;  in  Dicotyledons  usually  Qve  or  some  mul- 
tiple of  Ave  (rarely  four)  of  each  sort. 
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However  assembled,  the  floral  organs,  if  our  view  be  well  founded, 
should  conform  to  the  law  which  governs  the  arrangement  of  the 
leaves  themselves.  The  normal  plan  in  this  respect,  that  is,  the  posi- 
tion which  the  successive  ph3tons  assume  in  lespect  to  each  other,  I 
may  very  briefly  illustrate,  as  it  will  serve  to  introduce  Prof.  Peirce's 
mathematical  exposition  of  this  subject,  which  is  to  follow.  In  the 
simplest  mode,  with  only  one  leaf  on  each  node,  the  leaves  occupy 
two  vertical  ranks  ;  the  second  leaf  stands  on  the  side  of  the  stem 
exactly  opposite  the  first,  but  higher  up  ;  the  third  is  opposed  to  the 
second  or  immediately  over  the  first ;  this  occurs  in  all  true  grasses, 
and  in  many  other  plants.  In  the  next,  and  equally  common  case, 
the  leaves  are  three-ranked,  having  an  angular  divergence  of  one- 
third  of  the  circumference  of  the  axis,  so  that  the  fourth  stands  over 
the  first,  the  fifth  over  the  second,  the  sixth  over  the  third,  and  so  on 
indefinitely  ;  that  is,  the  phytons  are  developed  in  a  spiral  order, 
fixing  three  leaves  in  one  turn  of  the  spiral  round  the  circumference, 
and  the  fourth  over  the  first,  beginning  the  second  turn,  etc.,  as  illus- 
trated by  a  sedge-grass.  In  the  next  plan,  the  most  common  of  all 
in  dicotyledonous  plants,  five  leaves  are  laid  down  in  each  cycle  (the 
sixth  being  over  the  first),  two  revolutions  being  made  around  the 
stem  to  accomplish  this,  the  leaves  therefore  occupying  five  vertical 
ranks,  the  angular  distance  between  the  successive  leaves  being 
two-fifths  of  the  circumference,  etc. 

Dr.  Gray  proceeded  to  illustrate  with  specimens,  the  next  case, 
where  eight  leaves  are  laid  down  in  three  revolutions  ;  the  next, 
with  13  leaves,  in  five  revolutions,  and  so  on  ;  and  to  show  how  the 
expression  of  these  diflerent  modes  in  the  form  of  the  fractions  ^, 
1,  I,  I,  Y^Tj-  (in  the  manner  now  familiar  to  botanists,  and  which  is 
illustrated  in  recent  elementary  works  on  the  subject)  develops  at 
once  the  connection  between  the  several  modes,  the  numerators  of 
the  two  antecedent  fractions  added  together  giving  the  numerator, 
and  the  sum  of  the  two  denominators  giving  the  denominator  of  the 
next  in  the  series.  And  the  series  farther  extended  in  this  way  to 
■^j,  af?  6tc.  is  verified  by  observation. 

The  same  arrangement  should  occur  in  the  flower.  It  is  natural 
to  consider  the  calyx  as  one  complete  cycle,  and  the  corolla  as  the 
next,  and  so  on.  This  rule,  therefore,  would  place  the  leaves  of  the 
corolla  directly  over  the  leaves  of  the  calyx,  etc.,  while  it  is  a  well 
known  fact  that  the3^  are  over  the  interval,  or  alternate  with  them. 
The  petals  occupy  the  place  left  between  the  leaves  of  the  calyx. 
30 
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The  floral  organs  regularly  alternate  with  each  other,  and  this  creates 
a  puzzling  anomaly,  ^ 

Let  us  take  a  flower  of  five  parts,  with  five  leaves  to  the  caWx, 
five  petals,  etc.  We  should  suppose  it  to  be  upon  the  two-fifths 
arrangement ;  but  this  would  bring  each  petal  exactly  over  a  leaf  of 
the  calyx,  instead  of  between  them.  Botanists  have  been  much  puz- 
zled to  explain  this,  to  find  any  satisfactoiy  mode  of  bringing  the 
habitual  position  of  the  floral  organs  into  accordance  with  that  of  the 
leaves,  so  that  both  might  be  expressed  by  the  same  law.  When  this 
is  done,  the  proof  of  the  doctrine  that  the  leaves  and  floral  organs 
are  homologous  parts  will  be  complete.  Prof.  Braun,  who,  with  Dr. 
Schimper,  first  developed  these  laws  of  phyllotaxis,  and  who  has 
worked  them  out  very  elaborately  in  all_their  manifold  applications, 
by  introducing  the  term  jyrosenthesis  to  express  the  singular  deviation, 
or  pushing  forward  by  half  an  interval,  which  appears  to  take  place  in 
passing  from  each  floral  verticil  to  the  next,  has  only  stated  the  excep- 
tion, without  explaining  it.  The  only  attempt  at  explanation  that  I 
am  aware  of,  which  is  at  all  satisfactory,  has  recently  been  made  by 
M.  Adrien  de  Jussieu.  Instead  of  assuming  that  the  trimerous 
flower  is  actually  formed  on  the  plan  1-3,  and  the  pentanierous flower 
on  the  plan  2-5,  he  projects  them  both  upon  the  5-13  arrangement, 
and  shows  that  this  gives  the  floral  organs  in  threes  or  in  fives,  so 
nearly  in  their  position  of  regular  alternation,  that,  with  the  tendency 
of  all  growing  parts  to  develop  on  the  side  of  least  pressure,  they 
could  hardly  fail  to  fall  into  that  position.  It  is  well  known  that  in 
irregular  flowers,  organs  are  often  suppressed  or  rendered  abortive 
on  the  side  where  most  pressed,  and  are  pushed  out  of  place  to- 
wards the  side  of  least  resistance. 

[Prof.  Gray  illustrated  this  view  by  a  diagram,  and  sliowed  upon 
the  proposed  plan,  how  little  displacement  was  required  to  bring 
about  the  actual  alternation.] 


Mathematical  Investigation  of  the  Fractions  •which  occur 
IN  Phyllotaxis.  By  Prof.  B.  Peirce. 
TuEAssociation  may  wonder  what  a  mathematician  can  have  to  do 
with  Botany,  and  what  right  he  has  to  discuss  such  a  subject  as  vege- 
table morphology.  But  let  me  assuie  you  that  the  geometer  is  some- 
what omnivorous  in  intellect,  and  although  he  has  lived  and  thriven 
for  centuries  upon  the  sun  and  moon,  the  planets  and  comets,  and 
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other  such  inorganic  food,  he  is  already  aspiring  to  a  vegetable  diet, 
and  ma^  ere  long  be  whetting  his  teeth  for  flesh  and  blood.  But, 
in  the  present  case,  the  botanists  have  provoked  the  invasion  by 
undertaking  to  demonstrate  that  plants  grow  according  to  exact 
mathematical  laws.  They  have  presumed  to  measure  with  minute 
accuracy,  and  exact  measurement  must  open  the  path  to  geometry. 
They  have  dared  to  use  our  numbers  and  fractions,  and  we  must 
reclaim  them  with  interest. 

Upon  the  principal  points,  which  have  occurred  to  me  in  the  inves- 
tigation of  the  curious  fractions  of  vegetablemorphology,  I  apprehend 
that  I  have  been  anticipated  by  Bravais.  But  it  may  be  that  I 
have  developed  the  subject  more  distinctly  than  he  has  done,  and 
am  therefore  disposed  to  present  my  views  to  the  Association. 
I  do  not  regard  these  fractions  as  isolated  and  independent  of 
each  other  ;  but  all  of  them  seem  to  me  to  be  approximations,  more 
or  less  accurate,  lo  one  and  the  same  fraction,  or  rather  to  several 
fractions  of  one  series.  It  is  as  if  in  the  forms  of  vegetable  growth, 
there  had  been  one  great  thought  underlying  the  whole  structure. 
The  thought  has  in  it  an  element  of  infinity,  but  the  mode  of  ex- 
pression is  necessarily  finite.  It  is  everywhere  partially  developed, 
with  more  or  less  approach  to  perfection  in  different  plants.  This 
very  defect  of  expression  has  enabled  us  to  discern  and  comprehend 
the  divine  idea  with  our  finite  capacities.  Had  it  been  fully  ex- 
pressed, we  should  not  probably  have  discovered  it.  Most  certain  is 
it  that  if  the  infinite  fraction  had  been  introduced  into  the  creation, 
we  could  not  have  detected  it ;  for  the  infinite  sei'ies  would  not  have 
been  completed,  even  though  the  tree  had  grown  to  heaven  itself. 

The  fraction  cannot  be  fully  written  out,  but  the  law  of  its  forma- 
tion is  easily  perceived.     It  is in  which  n  is  any  positive  in- 

w  -f-a 
te^er,  while  a  has  a  peculiar  value.     The  quantity  a  is  an  infinite 
continued  fraction,  formed  wholly  of  units  ;  thus, — 
a=       1 
1  + 


1  + 


1  + 


1  -f-  etc.,  ad  infinitum. 
The  successive  approximations  to  the  value  of  a  are  obtained  in 
the  way  familiar  to  mathematicians  by  stopping  at  the  diff'erent 
points  of  the  downward  trains  of  units.  They  correspond  identically 
to  the  fractions  which  have  been  observed  in  the  finite  forms  of  the 
vegetable  universe.     They  are,  1,  ^,  §,  f,  f,  t%,  H»  lii  etc. 
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The  corresponding  values  of  the  fraction   itself  of  vegetable 
growth  are,  when  w  is  2,  • 

1        2        3       _5_      _8_       13.       2  1        3  4      a+n 

5?    IT'     8'      131     i!l'     134'      55'     B9'    *^^'^' 

which  is  the  series  usually  observed.     The  values,  when  n  is  3,  are 

1        2       _3  b       _S        XS.     pt.P 

B"'    T'     iT'     18'     i!7'     47'   c*^-' 

which  are  also  found  in  nature,  but  much  more  rarel}^  than  the 
preceding  row  of  fractions.     These,  if  I  do  not  misunderstand  the 
botanists,  are  the  only  fractions  which  directly  occur  in  the  ordinary 
forms  of  growth.     The  few  other  fractions,  which  have  been  ob- 
served, are  the  products  of  indirect  species  of  development  which 
are  rarely  exhibited  ;  but  even  these  fractions  are  included  in  the 
general  form.  They  correspond  to  the  cases  in  which  n  is  4,  5,  or  6. 
This  expression  of  the  forms  of  vegetable  growth  in  a  fraction, 
leads  to  the  inquiry  why  this  particular  fraction  was  selected.     It 
obviouslj^  gives  an  admirable  packing  to  the  leaves,  as  Dr.  Gray  has 
shown,  and  this  may  justly  be  regarded  as  a  sufficient  a  priori  reason 
for  its  adoption.     It  must  be  admitted,  however,  that  other  excel- 
lent systems  of  packing  might  be  devised,  which  would  appear  to  be 
very  little  inferior  to  this  ;  the  fraction  ^^g^  would  give  a  good  ar- 
rangement, and  the  same  might  be  said  of  an  infinity  of  other  frac- 
tions.    The   exclusive   adoption  of  one  and   the  same  series  of 
fractions  in  all  vegetable  forms  must  therefore  be  sought,  parti}'- 
in  the  desire  to  construct  a  system  sufficiently  simple  and  uniform 
to  admit  of  human  investigation  and  study,  and  at  the  same  time 
so  complicated  and  varied  as  to  command  his  wonder  and  admira- 
tion, and  partly  in  the  uniformity  of  the  laws  of  vegetable  growth 
through  the  machinery  of  which  it  must  be  introduced  and  developed. 
It  cannot  be  supposed  that  the  leaves  attain  their  proper  position 
through  a  voluntary  selection  of  the  widest  spaces.     They  all  start 
to  grow  at  once,  and  each  phyton  occupies  at  the  outset  the  very 
place  to  which  it  belongs.  It  seems  to  me  most  probable  that  beneath 
this  series  of  fractions  lies  the  fundamental  law  of  organic  action, 
and  the  simplicity  of  the  series  confirms  this  opinion. 

I  must  now  take  the  liberty  to  draw  theattentionof  the  Association 
to  another  domain  of  the  pliysical  universe,  in  which  there  are  dis- 
tinct traces  of  these  same  fractions.  They  are  approximate  expres- 
sions of  the  relative  times  of  rotation  of  the  successive  planets  of  the 
solar  system.  Thus  the  ratio  of  the  mean  motion  of  each  planet  to 
that  of  the  next  inner  planet  is  nearly  equal  to  some  one  of  these 
fractions.  This  is  so  manifest,  that  all  the  great  inequalities  of  long 
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period  which  occur  in  the  solar  system  depend  upon  these  ratios, 
and  they  are  interwoven  with  all  the  most  important  irregularities 
of  motion  of  the  primary  planets.  Whence  could  this  extraordin- 
ary coincidence  have  arisen  but  from  the  action  of  a  single  mind  ? 
and  what  does  it  indicate  but  that  the  same  Word  which  created 
the  planet  is  expressed  in  the  plant? 

May  I  close  with  the  remark,  that  the  object  of  geometry  in  all 
its  measuring  and  computing,  is  to  ascertain  with  exactness  the  plan 
of  the  great  Geometer,  to  penetrate  the  veil  of  material  forms,  and 
disclose  the  thoughts  which  lie  beneath  them  ?  When  our  researches 
are  successful,  and  when  a  generous  and  heaven-eyed  inspiration 
has  elevated  us  above  humanity,  and  raised  us  triumphantly  into 
the  very  presence,  as  it  were,  of  the  divine  intellect,  how  instantly 
and  entirelj'  are  human  pride  and  vanity  repressed,  and  by  a  single 
glance  at  the  glories  of  the  infinite  mind,  we  are  humbled  to  the 
very  dust. 
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